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THREE STABILIZED OUTPUTS 

0 to +20V d-c @ 
een 
a convenient bench top power supply offering the voltage/ 
current combination required for IC’s & microprocessors 






Price: 


$475.00 





FEATURES: e 10-turn controls for high resolution control of the O—6V 
output and the tracked 20V outputs. 


e Adjustable crowbar for the O—6V output ... with indicator. 


e Remote error sensing connections on the panel to accom- 
modate a1 volt drop in the load wires from the 0—6V 
output. . 


e Full range adjustment of voltages and rectangular current 
limits (not a “slot” supply, no “foldback” current limiting, 
and no derating to an ambient of +50°C). 


e All three outputs available simultaneously and at full 
rating. 


-e Convection cooled. 


e Two large recessed meters with switch, to monitor voltage 
and current. 


e Rack mountable in a 5%” rack space (% width). 


ERI EN UTS RR MG PL LO RO 
K E: - L; CT. For complete specifications, write Dept. FM—12. 
RTT AS RT NT, 


KEPCO, INC. « 131-38 SANFORD AVENUE + FLUSHING, N.Y. 11352 U.S.A. » (212) 461-7000 - TWX #71 0-582-2631 +» Cable: KEPCOPOWER NEWYORK 
For more information, Circle No. 1 | 
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Introducing HP’s $335" DMM. 


The right DMM Decision means 
added performance: 


Hewlett-Packard’s new 3435A 3% digit, five 
function digital multimeter, with full one-year 
accuracy specifications, is the right decision for 
your general purpose bench or field needs because 
has... 


Autoranging and manual modes: AC voltage, 
DC voltage and resistance can be measured either 
on autorange or manually selected ranges. Select 
autorange to speed readings and minimize reading 
error...the LED readout always displays 
appropriate units. For repetitive readings, or AC 
and DC current measurements, use the manual 
mode, selecting from at least five ranges for each 
function... again the appropriate units will be 
automatically displayed. 


Wide AC bandwidth, low-range ohmmeter: 
Eliminate the need for both a high frequency AC 
voltmeter and a low-range ohmmeter. The 3435A 
operates over a bandwidth five times greater than 
most comparably priced DMM’s... measure 
AC voltages from 30 Hz up to 100 kHz, with 
midband accuracy of 0.3% of reading plus three 
digits. Or, test resistance from a new low range of 
200 up to 20MQ. DC voltages up to 1200V 
are measured with a full-year best accuracy figure 
of 0.1% of reading plus one digit. AC and DC 
current ranges extend from 200 uA to 2A. All 
inputs are protected, polarity is automatically 
sensed and displayed,and autozero occurs before 
each reading. 


Autoranging and 
manual modes, 





Wide measurement 
ranges, 
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And touch-hold 
probe accessory 


3435A DIGITAL MULTIMETER 


HEWLETT = PACKARD 


HEWLETT 
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Special application accessories: For accurate 
measurements in hard-to-reach spots, use the new 
34112A touch-hold probe for only $40.* You can 
concentrate on your circuit, conveniently hold the 
measurement and read the display after removing 
the probe. You’re confident of measuring at the 
right point without accidentally shorting the cir- 
cuit. The full line of 3435A accessories also 
includes probes for measuring AC voltage at fre- 
quencies as high as 70O0MHz and DC voltage up 
to 40 kV. 


Low cost: The standard 3435A priced at $400* is 
AC line or battery operated and includes batteries 
and recharging circuitry. If you don't need battery 
operation, option 001 gives you line operation 
only for just $335.* 


Functional design: Low power consumption 
means fully charged batteries last up to ten hours. 
And a four-hour charge prepares them for a full 


eight hours of portable operation. With the mod- 


ern, rugged case and handle, the 3435A 1s per- 
fectly suited to demanding field conditions. LSI 
technology and only three circuit chips mean 
less down time, greater reliability. A rack mount- 
ing model is also available. Of course, the 3435A 
is backed by HP’s service organization. For more 
information, contact your local HP field sales 


engineer. HP DVM’s- 
*Domestic U.S.A. price only. » e 8 
He USA presen’ the right decision 


096/45 


hp PACKARD 


Sales and service from 172 offices in 65 countries. 














For assist 





1507 Page Mill Road, Palo Alto, California 94304 


ance call Washington (301) 948-6370, Chicago (312) 677-0400. 
_. Atlanta (404) 434-4000, Los Angeles (213) 877-1282. 
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Spectrum analysis . . pg. 38 





COVER 


Our photo from Hewlett- 
Packard takes some liter- 
ary license to illustrate 
how tracking generators 
can considerably extend 
the capabilities of spec- 
trum analyzers. The related 
article begins on pg. 38. 
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DESIGN NEWS 


Sonar detects Lock Ness “monsters” and ancient ruins .......... 21 


Laser scanning “looks” inside active semiconductor devices and safely reveals their 
functioning .. . Copper foot will put the “finger” on footwear heat-loss problems. 


LP APPLICATIONADERS 3s. ee oe rt ee eee ena 29 


LP digs signals out of a very noisy environment — outer space! . . . 8080 points to 
faulty memory chips in mainframe add-on memory system. 


DESIGN FEATURES 
Tracking generators stretch spectrum-analyzer capabilities 


Whether built-in, plug-in or stand-alone, the tracking generator makes 
spectrum analysis easier while increasing accuracy. 





Test your data-acquisition system IQ 
Although you’re familiar with multiplexers, sample/hold’s and A/D’s, could you 
apply a DAS module to build a system that works? 

Filter chokes and linear inductors — the design rules differ ........... 53 
Linear-inductor design emphasizes inductance stability; but design for power- 
supply filter chokes may call for variable inductance. 

A neat power MOSFET design might win this design contest 


The verdict’s in: Solid-state fluorescent ballasts are here ............. 65 
Tradition reigns supreme in the less exotic areas of electronics, so any design break- 
through really is significant! 

Designer’s Guide to: Physical design and packaging — Part3.......... 75 
This review of popular packaging materials and processes will let you be as creative 
with enclosures as with the circuits themselves. 

Presenting: The answers to our quiz on DAS modules ................ 83 
By studying our explanations, you should be well prepared to apply these versatile 
data-acquisition system building blocks. 
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Let ‘“Power-ON” generate a noise-free transition pulse . . . Improved PUT oscillator 
operates over a wide range . . . Data collector selectively multiplexes inputs . . . 
Suppressed-carrier demodulator uses two active devices. 
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DPM uses I?L to shrink parts count, size, power and cost........ 92 
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Programmable, parallel I/O lets you define the 
direction and data transfer characteristics of six 

8 bit I/O ports. Reconfigure the interface or entirely 
alter the I/O structure by changing no more than 
four program instructions. 


8080A CPU group —accepts in ip 
from the programmable I/O ports, the coi 
tions interface and directly from peripheral devices 


Drivers provided for memory and I/O expan: 
Simply plug any of the SBC 80 RAM, EPROM/ — 
ROM, I/O or Combination expansion boards into 
the standard SBC 80 card cage. 





The Intel® SBC 80/10 Single Board Computer, with 
programmable I/O, is designed for the profit conscious 
OEM in a hurry. The SBC 80/10 is the fastest and low- 
est cost way of getting your products to market. And 
when your equipment sales increase to the point where 
it makes sense to build your own Single Board Com- 
puter, well make arrangements for you to use our bill 
of material, fab and assembly drawings, and artwork. 

Now it's possible to standardize on one computer 
board for all your products. Everything you need — 
CPU, ROM, RAM and I/O is on a single 6.75” x 12” 


*100 quantity, domestic USA price only. I/O drivers, terminators, EPROMs or ROMs not included. 


Plug-in standard TTL drivers or line terminators 
to easily tailor the I/O interface to meet your 
lie _ system requirements. 


IK bytes of high speed, low power static RAM. 


The first complete single 


board. And since we've extended the programmable 
nature of the CPU to the I/O interface you can use the 
same board even when you make an interface change 
or completely redesign your product's input/output 
section. Just initialize the programmable I/O devices 
with the appropriate program instructions and you 
have individually defined the direction and data 
transfer characteristics of the six on-board ports. Pro- 
erammable I/O makes your products more versatile 
and cuts parts cost and development time. 

Cut development costs even more with the Intellec 





Programmable serial interface lets you choose 
virtually any asynchronous or synchronous com- 
munications technique. Data format, control 
character format, parity, and asynchronous serial 
transmission rates are all under program control. 







Both teletypewriter and RS 232C interfaces are included, 
choose the one you need. 


Selectable baud rate generator—pick the com- 
munications frequency you want. 
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Capacity for 4K bytes of erasable ane 
mable EPROMs or ROMs for user’s progran 
storage. Plug-in any mix in 1K byte increments. 


<igings 





oard computer for *295. 


MDS™ Microcomputer Development System with The Intel® SBC 80/10 is available from distributor 
optional Diskette Operating System and unique stock. To order contact: Almac/Stroum, Component 
ICE-80 In-Circuit-Emulator. Develop and debug your Specialties, Cramer, Elmar, Hamilton/Avnet, Industrial 
system software directly on the SBC 80/10 using the Components, Liberty, Pioneer, Sheridan, or L.A. Varah. 
symbolic debugging capability of ICE-80. For your copy of the SBC 80/10 brochure, use the 
The 80/10 is supported by macroassemblers, text bingo card or write: Intel Corporation, 3065 Bowers 


editor, Intel’s PL/M™ compiler, a user's library with over Avenue, Santa Clara, California 95051. 
150 programs, and comprehensive documentation. 


* 
Training is available at training centers or sched- a : d | 
uled at your plant. For additional technical assistance I e Ivers. 
contact your Intel Field Applications Engineer. 


For more information, Circle No. 6 











4K RAM, forget it! 


We've. got a whole bank of memories you 
can draw from—RAMs, ROMs, and PROMs. In 
fact, Mostek offers one of the broadest lines in 
the industry. All quality engineered for improved 
reliability over competition. And all rigidly tested. 
lf our memories don’t measure up, they aren’t 
shipped out. 

But once they meet Mostek standards, they 
set industry standards—like our 16-pin 4K 
RAM. Mostek’s MK 4096 is unsurpassed in 








If you think Mostek’ 
only memory is the industry standard 


performance and reliability. And the industry 
agrees—we re shipping over half a million 
a month. 

That's a strong leader. But our other 
memories are keeping the pace. 

The new MK 4027 is the industry's fastest 
16-pin 4K—150ns access time. At 550ns, the 
MK 3702-1 is the highest performing 2K 
EPROM. And the MK 34000 holds the world 
record for a 16K ROM—350ns. 








Random Access Memories 


Description 


'K Dynamic 
256-Bit Static 


IK Static 


1K Dynamic 


4K Static 
16K Dynamic 


Part No. 


MK 4006P—6__—’ 
MK 4008P—6 

MK 4007P(N) 

MK 4007P—4(N) 
MK 4102P 

MK 4102P—1 

MK 4102P—6 

MK 4102P—8 

MK 4096P—6(N) 
MK 4096P—11(N) 
MK 4096P— 15(N) 
MK 4096P— 16(N) 
MK 4200P—1 1(N) 
MK 4200P—16(N) 
MK 4027P—2 

MK 4027P—3 

MK 4027P—4 

MK 4104P* 

MK 4116P—2 

MK 4116P—3 


Access Time 


400ns 
500ns 
525ns 
525ns 

Tus 
450ns 
275ns 
250ns 
250ns 
350ns 
350ns 
350ns 
350ns 
300ns 
150ns 
200ns 
250ns 
200ns 
150ns 
200ns 


SATO ISLS RISER OSE IO TE: 





Read Only Memories 


2K ROM 
4K ROM 
8K ROM 
16K ROM 


MK 2400P 


MK 2500/2600P 


MK 30000P 
MK 28000P(N) 
MK 31000P 
MK 34000P 


550ns 
400ns 
450ns 
600ns 
550ns 
350ns 


Programmable Read Only Memories 


2K EPROM 


8K EPROM 


MOSITEK 


MK 3702T—1 
MK 3702T—2 
MK 3702T—3 
MK 3708T* 


Setting industry standards 
1215 W. Crosby Rd., Carrollton, Texas 75006 


214/242-0444 
In Europe, contact: 


550ns 
750ns 
tus 
450ns 
“Available Soon 


MOSTEK GmbH, TALSTR. 172, 7024 Filderstadt-1, 


West Germany 


Telephone (0711) 701096 


For more information, Circle No. 7 
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TI’s new single-chip, 16-bit TMS9900 microprocessor is 
the frontrunner of a revolutionary new family. The first 
family of software-compatible microprocessors, support 
circuits, microcomputers and minicomputers. To give 
you unlimited design flexibility. A technological 
milestone achievable only by a leader in 


both integrated circuits and minicomputers. 


EDN NOVEMBER 5, 1976 





_ Now, minicomputer performance 
from a 16-bit microprocessor: 


TIS new TMS9900. 
... And it$ only the beginning. 


Unmatched. In word size. Instruc- 
tion set. Addressing capabilities. 
TI’s 16-bit TMS9900 microprocessor. 
Powerful enough to be the heart 
of a minicomputer. Ideal for termi- 
nals. Instrumentation. Machine 
control. Scores of OEM applica- 
tions. Destined to become today’s 
and tomorrow’s design standard. 
Because the TMS9900 micropro- 
cessor represents more than just a 
single device. It introduces a new 
family concept allowing full design 
flexibility. Enabling you to move 
freely and easily over your entire 
range of applications. Now. And in 
the future. With less redesign. Less 
software reinvestment. Less re- 
learning. Less obsolescence. 


Improved System Cost/Performance 
Compared to 8-bit uPs, TI’s TMS9900 
microprocessor provides these un- 
matched savings: 


¢ 30% faster execution time 

¢ 50% saving in program coding 

°50% saving on system interface 
costs 

°50% more efficient interrupt 
handling 

°20% reduction in memory bit 
requirements 


These benefits stem from the 
TMS9900’s advanced features: 


16-bit instruction word with full 
16-bit data precision. 

Operation at 3.3 MHz clock rate. 

Full minicomputer instruction set 
including hardware multiply and 
divide. 

Advanced memory-to-memory 
architecture that locates general- 
purpose register files in memory. 


Separate address, data, I/O and 
interrupt buses. 


Complete Design Support 
Hardware and software develop- 
ment tools are available to help you 
utilize the 9900. For evaluation and 
development work, there’s the 990/4 
board level microcomputer. In a 
desk-top chassis, the 990/4 serves as 
a fully supported prototyping sys- 
tem. And for larger software devel- 
opment, there’s the 990/10 TTL 
minicomputer. All available now. 
For design assistance, TI micro- 
processor applications specialists 
are located in 12 TI field sales offices. 





990/4 Board System 


Fully Compatible Software 

The 9900/990 software has been 
tested and proven in more than 1000 
systems. Any software you develop 
for the TMS9900 can be used with 
the 990/4 and 990/10 minicomputers 
—or the SBP9900 and TMS9980 mi- 
croprocessors. In fact, any software 
developed for the TMS9900 can be 
used with any other family member 
—at present and in the future. 





990/4 Prototyping System 


More 9900 Family Soon 

The TMS9900 is just the beginning. 
Future family circuits, all software 
compatible: SBP9900, an I?L micro- 
processor designed to handle mili- 
tary temperature ranges. TMS9980, 
an N-channel uP with an 8-bit data 
bus for smaller systems. 

Also coming are 9900 peripheral 
support circuits: TMS9901 program- 
mable systems interface. TMS9902 
asynchronous communication con- 
troller. TMS9903 synchronous com- 
munications controller. And the 
TIM9904 low power Schottky TTL 
4-phase clock generator. 


Applications Workshops 

TI distributors are sponsoring ap- 
plications workshops in 36 locations 
across the nation beginning in 
November. For more information 
about the workshops, the 9900 First 
Family, or price and availability, 
contact your TI field 


sales office. Or write 0 
Texas Instruments In- lf 
corporated, P. O. Box 


1443, M/S 669, Houston, 
Texas 77001. 


TEXAS INSTRUMENTS 


© 1976 Texas Instruments Incorporated 





INCORPORATED 
For more information, Circle No. 8 
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Protection that adds value. . . 


Doitall...and | 
cut costs, too! 








Protect against short circuits, overcurrent, over- | 


voltage, and undervoltage—singly or in com- _ overcurre ent 

bination. Calibrate, actuate, and control. Even : overvoltage 

cut your component and assembly costs. : undervoltage 
Only the hydraulic-magnetic circuit breaker, : na ed 


invented and perfected by Heinemann, puts 
this tremendous functional versatility at your 
fingertips at a price you can afford. . just 
one more way our products add value to 
your products. 

You can find out about our seven in- | 
ternal circuits and how to apply them 4 
by checking out any of ourOEMseries /f 
breaker bulletins. Start with your free 
Protector Selector—a handy refer- 
ence chart loaded with specs, capa- 
bilities, and even dimension drawings « 
for twelve top-selling OEM lines. Get © 
it from your nearby Heinemann rep 
resentative (listed in EEM) or 
Heinemann Electric Company, 
Trenton, NJ O8602. (609) 
882-4800. 


another reason 
Heinemann is 
No. 1 in OEM 4 
circuit protection. 


HEINEMANN 


We keep you out of trouble. 


Factories in Trenton, Montreal, Dusseldorf, 
Johannesburg, and Melbourne. 








: . . 6604 
For more information, Circle No. 9 











Who needs the BET degree? 


My August 5, 1976 editorial, 
which discussed the establish- 
ment of a formal qualification 
procedure for the practice of 
electronic engineering, generat- 
ed a flood of reader responses. 
Obviously, my ideas are quite 
controversial, as evidenced by 
the following thought-provok- 
ing replies. 

Walt Patstone 

Editor 


“Forget about degrees...” 


Dear Mr. Patstone, 

After reading your August 5th 
editorial on the ‘‘sub-pro- 
fessional,’’ | thank you for 
assuring me 100% that EE’s have 


a complete lack of reasoning: 


power. In the cloud (9?) of all 
your professionalism, allow me 
to remind you it is the individual 
that makes contributions to 
society—not professionalism! 
We should measure men 
against men, not men against 
degrees. The creative engineer, 
in my mind, defines the prob- 
lem, then dives in head first to 
solve it. My definition makes no 
mention of where he was 
educated, what he earned there, 
or how well he did. Let’s all be 


friends and work together; 


forget about degrees, profes- 
sionalism, and politics. 


R. L. Wuorenma 
Cutler-Hammer 
Milwaukee, WI 


Interesting questions! 


Dear Mr. Patstone, 
Your August 5th editorial makes 
me wonder... 


Is licensing (legalizing) intend- 


ed to upgrade the quality of 


work performed, or restrict the 
quantity of people doing the 
work? Will a license necessarily 
imply integrity? In what fields 
has licensing upgraded innova- 
tiveness? Will a license enable a 
person to stand on his creden- 
tials instead of his capability? 
Who will licensing serve? (The 
incompetent licensees? The 
competent nonlicensees? The 
public?) Would the public be 


























better served by an open 
engineering market—or by a 
legal institution more concerned 
with its own survival than 
problem solving? What about 
specialty licenses or licenses for 
staying current? 

Thanks for making me won- 
der! 
Phil Pinel 
Manning Environmental 
Santa Cruz, CA 





At$31* the VIP Compact 1 


enclosure is very economical. 
But it has a lot of the design features you usually find 
on much more expensive models. And it has one 
standard feature that sets it apart from all other low 


priced enclosures. 


Beneath the rugged steel and aluminum panels 
there is a removable chassis. You can build up your 
equipment easily on the free chassis and then simply 
assemble the enclosure around it. 

Convenience, quality, efficiency. These are features 
designed into every ZERO product. Regardless of the 
price. Get ready for tomorrow. Send for a catalog today. 


*$30.80-$38.65 in 50-unit quantities. 


ZERO 


We make you look good. 


Burbank, CA 213/846-4191 - Monson, MA 413/267-5561 - Clearwater, FL 813/531-8991 


Call me, ’m interested—Circle No. 10 For mail catalog, Circle No. 11 
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SIGNALS and NOISE 


Let’s avoid bureaucracies 


Dear Mr. Patstone, 

While we agree wholeheartedly 
that the qualifications and com- 
petence of EE’s should meet the 
highest possible standards, we 
would like you to explain how a 
licensing bureaucracy estab- 
lished by government could 


possibly evaluate a_ potential 
engineer better than the pro- 
spective employer, who will 
suffer the consequences of a 
bad choice. | 
Provided you can find some 
rationale, you must still consider 
the political power in the hands 
of the licensing bureaucrat. 
Most likely he has some political 
axe to grind, and who will be the 
casualties? How does that influ- 









How many ITT Components 
Group PZSM 
PCB relays can 


fit on the head 
ofasingle 
Potter & 
Brumfield T10° 


[ ] Three L] Five 
ElPour: () Six 


Six PZSM relays from ITT Compo- 
nents Group can fit on the head of 
one Potter & Brumfield T10. Yes, six. 
When it comes to designing low- 
profile PCB relays for low-level 
communications switching applica- 
tions, ITT knows the value of real es- 
tate. Reliability, speed, low cost, and 
long-life expectancy. . . four 
designed-in features that help make 
the PZSM a better alternative to the 
over-sized, over-powered relay you 























may be using now. 

To get the relay that fits your func- 
Hon.) PZOM, RZ LA or Ma. 
check the chart below. Call or write 
Bob Scanlon today at (617) 688-1881 
for your complete relay catalog and 
free relay samples. Tell Bob you 
want to experiment with the better 
alternative. And try our six-on-one 
test yourself. ITT Components 
Group, 1551 Osgood St., No. An- 
dover, MA 01845. 


See I ea ITT/LZ ITT/MZ P&B/T10 
SIZE 


Height 0.36 in. 0.43 in. 0.56 in. 0.39 in. 0.37 in. 
PCB Space 0.29 in.? 0.30 in.? 0.52 in.? Vea ins 1.78 in.? 





















CONTACTS 

Load 0.5A lA 3A 3A 

Form 2C twin 2C crossbar | 1C 2C twin 

— Au-Ag alloy| Ag Ag ne Ag Au flash Ag 








cee 5-6- 12-24 4.5-6-12-24 | 5-6-9-12-24-48 | 1.5-3-5-6-9-12-24 | 6-12-24-48 
Average Power | 170mW 525m W 330-450m W 450m W 300m W 


LIFE 

200 x 108 100 x 108 20 x 108 10 x 108 100 x 108 
Electrical 1 x 108 1 x 108 0.5x 108 0.5 x 10® 1 x 106 
COST 

$2.50 $1.85 $1.20 $1.10 $2.60" 





“Using normal discount schedules. 
We're listed in sections 4500 and 1500 in your 1976-77 EEM Catalog. 


i Ao eo 


When you need relays, our better alternative will be your first choice. 


For more information, Circle No. 12 
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ence the freedom of the press 
concerning engineers? 

Do you think we should 
license electronics magazines to 
assure quality? 


Bill Olschewski, Jim Naylor 
and Larry McDonald 
Design Engineers 
Burr-Brown 


Tuscon, AZ 





A basis in theory 


Dear Mr. Patstone, 

Present-day EE’s, with the possi- 
ble exception of ‘‘HAMS,’’ 
generally don’t speak the same 
language as technicians. Fine 
with esoteric theory (some of 
which isn’t compatible with 
real-world applications, like the 
Hilbert theory that single- 
sideband transmission won’t 
lead to power economy), some 
EE’s can’t reduce even valid 
theory to practical circuits in 
many cases. And much “‘theory”’ 
proves totally invalid only be- 
cause a fundamental limitation is 
overlooked. 

Education MUST have an 
adequate basis in fundamental 
theory, or engineering becomes 
an esoteric science. Why else do 
SO many outstanding achievers 
in EE have both a strong physics 
background and a deep insight 
into practical aspects of elec- 
tronic devices and circuits? 


Keats A. Pullen, Jr. 
Kingsville, MD 
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VcEO 
GE TYPE Min. (V) 


MIN. 
10,000 
40,000 
90,000 
10,000 
40,000 
10,000 
40,000 


MAX. 
60,000 


60,000 


60,000 


DARLINGTON 


NPN — HIGH GAIN — % AMPERE 
hee @ 5V, 200 mA 


COMMENTS 


* Very High Gain- 60k typical; 


High input impedance — 50k 
ohm typ; 1.2 watts P; @ 25°C 
ambient. 


Applications: IC Interface 
audio output, touch = switch, 
oscillator, buffer, high power 
transistor driver, relay replace- 
ment. 








GE TYPE mine 
Tc = 25°C 

Max. (W) 

10 


10 


VcCEO 
Min. (V) 


10 
10 
10 
10 


GE TYPE at V 
To = 25°C VCEO 
PNP Max. (W) ‘Min. (V) 


MIN. 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 


MIN. 


COMPLEMENTARY — 2 AMPERES 
hee @5V, 200 mA 





COMMENTS 


Typical Applications: 
IC Interface 
Driver 

Regulator 

Touch Switch 
Lamp Driver 
Audio Output 
Relay Substitute 
Servo-Amplifier 
TO-202 Package 


@©eeeoee © @ W 


COMPLEMENTARY — 10 AMPERES 
hee @5V, 5 Amps 


COMMENTS 


Typical Applications: 
IC Interface 
Relay and Solenoid Driver 
Regulator 
Inverter Power Supply Switch 
Audio Output 
Relay Substitute 
Oscillator 
Servo-Amplifier 
TO-220AB Package 





We'd like to show you our DARLINGTON POWER TRANSISTORS: for free sample, identify GE type 
and write on company letterhead to: General Electric Company, Semiconductor Products Dept., 
Electronics Park, 7-49, Syracuse, New York 13201. 








GENERAL @@) ELECTRIC 
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New :tone receiver 
hybrids from Beckman. 


= \\ . ' If you’re into tone receiver applications, here’s a smaller, 

a more economical solution for your designs. 

Beckman Series 883 Telephone Tone Receiver Hybrids, 
available off-the-shelf as individual modules or as 
: preassembled systems. 
FANON BS First, they give you up to 75% space savings over 

) a conventional tone-receiver systems. They’re so much 
smaller because we use hybrid technology. And each 
whole subsystem fits on one standard 4’/2” x 6” PC 
board. Picture it: your entire system cut to '/4 of the 
conventional size. 
Then, you save money. That's because Series 883 is 
pretested, calibrated, and pretuned to meet tough Bell System 
performance requirements. And you also save on design, 
engineering, production and inventory costs. 

Series 883 hybrids are perfect for telephone central office or PBX tone 
receiver applications. And, with proper interfacing, they can turn standard push-button 
phones into computer terminals for banking, accounting, security, and other signal 
communications systems. 

Find out more about these excellent, 
space-saving hybrids now by calling 
Beckman Helipot Division, (714) 871-4848, 
Ext. 1776. 
























BAND PASS 
FILTERS 





INdLNO (LHDIS) NAASS 40 OML 


BECKMAN 


HELIPOT DIVISION 
If you need hybrids, you should know about Beckman. 


“ | For more information, Circle No. 13 EDN NOVEMBER 5, 1976 





EDITORIAL 











What this industry needs is 
a good $100 computer peripheral 


Competent marketing people tell me to expect no major break- 
throughs in low-cost printers, CRT terminals and mass memories. 
They say the technologies are mature. Fortunately, most innovations 
come from engineers, not marketers. Thus, these key computer- 
system elements are not predestined for stagnation, after all. 

Rapidly decreasing prices for ~P and support chips have relegated 
the ‘‘heart’”’ of any microcomputer system to a most elementary role 
in determining overall costs. Therefore, if electronics is to make 
greater headway into price-sensitive consumer and light-industrial 
applications, costs of interface and storage devices must come 
down as well. The need is obvious and overwhelming. 

We don’t need products with state-of-the-art performance at 
unrealistically low prices. Rather, these products must offer only 
moderate performance, reasonable reliability and price tags signifi- 
cantly lower than existing offerings. 

Clearly the problem cries for innovative design approaches, not 
cost-reduction campaigns on current designs. Further, it demands a 
careful determination of the end user’s requirements, as well as his 
ability and willingness to pay. 

For many of you this situation represents an unprecedented 
opportunity. New companies founded by engineers can get a head 
start on the low-cost computer-peripheral market and become 
instant successes. At the same time, designers in established 
companies who can create a product right on target and convince 
management to go all the way with it can greatly enhance their 
careers and their firms’ market positions. 

Will you accept this challenge? Why not brainstorm the subject 
with your colleagues? Suggest solutions with complete abandon, no 
matter how unconventional they seem. If one or more look 
promising, do your homework, then present your case to the 
proper individuals. If they won’t listen, pursue all alternatives. The 
potential rewards justify considerable effort and perhaps some 
risk-taking. Good luck! 


tir bet 


Walt Patstone 
Editor 
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A NEW 
GENERATION 
OF IMAGE 

SENSORS 


SIMPLICITY OF USE 


Requiring less than a dollars worth of 
circuitry to drive—and barely more than that 
for video processing—is just one of the key 
features of our new “‘G” series image sen- 
sors. Compare the non-critical single TTL 
clock needed for the “‘G” device to the 
complex multi-phase clocks prescribed by 
others. 











yoo™ 
tha a ye 


\ 


You need You need 
only this all these 
weg for Reticon for others 


HALF THE PRICE 


Or even less will bring you 256, 512, 768, or 
1024 sensor elements on 25y centers or up to 
1728 elements on 15y centers in our “H” 
series. 


SUPERIOR PERFORMANCE 


Low dark current allowing low light level 
operation, on-chip noise cancellation, and 
smooth spectral response from visible 
through infrared makes this new generation 
the unquestionable choice. 


APPLICATIONS 


Page readers, facsimile, OCR, point of sale 
readers, non-contact measurements and 
inspection and many others. 


RETICON’ 


910 Benicia Avenue, Sunnyvale, California 94086 
PHONE: (408).738-4266 TWX: 910-339-9343 
For more information, Circle No. 16 
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23 Part I approvals in 13 months... 


Acceptance of 


High Rel COS/MOS 
is climbing fast. 





In rapid succession, 23 RCA COS/MOS 
circuits have become the first CMOS devices to 
pass the rigorous environmental and life-test 
requirements for QPL-38510, Part | Qualification. 
That's just more evidence of the inherent reliability 
of COS/MOS. 

lt means you can buy with even greater con- 
fidence. And if you buy for military or other high- 
reliability applications, you have a wide range 
of options. The approved listincludes gates, multi- 
vibrators, binary ripple and synchronouscounters, 
and multiplexers/demultiplexers. 

It also means you have the assurance of a 
dependable High Rel source. With a disciplined © 
organization. Tightly controlled environments 










to High Rel COS/MOS. — — 
You'll see the results of this 


and processes. And a wholehearted commitment 



















RCA No.  MIL-M-38510/_ RCANo. _ MIL-M-38510/ 
CD4000A 05201 CD4017A 05601 
CD4001A 05202 CD4018A 05602 
CD4002A 05203 CD4019A 05303 
CD4007A 05301 CD4020A 05603 
CD4009A 05501 CD4021A 05704 
CD4010A 05502 CD4022A 05604 
CD4011A 05001 CD4023A 05003 
CD4012A 05002 CD4024A 05605 
CD4013A 05101 CD4025A 05204 
CD4014A 05702 CD4027A 05102 
CD4015A 05703 CD4049A 05503 









CD4050A 05504 









Write: RCA Solid State. Box 3200, Somerville, 
N.J. 08876; Sunbury-on-Thames, Middlesex 
TW16 7HW, England; Ste. Anne de Bellevue — 
H9X 3L3, Canada; Fuji Building, Tokyo, Japan. — 





\. First house in CMOS. 


For more information, Circle No. 17 














Get Everything 
You Always Wanted 
For Switchers 


Krom A Source That 
Always Has Everything. 
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Everything 
for control... 


'% Switchmode*linear 
1° IC regulator MC3420 





For the first time, there’s a 
unique control circuit available with 
everything you need to regulate the 
simplest to the most complex 
constant frequency switching supply: 
reference...oscillator... PWM... 
phase-splitter...dual alternating 
outputs...and unique 0-100% dead 
time comparator. 

Just plug it in and your design 
work’s done! 

Specs include 10-30 V supply 
range, 2-100 KHz operation, 0.5 
V-at-40 mA output sat voltage and 
40 V blocking capability. Best of all, 
the MC3420 is priced at just $5.75 
(100 up). 


Everything 
for efficiency... 






Switchmode* 
Schottky rectifiers 
1N5826-34 15A-40A 


Efficiency like you’ve never seen 
is yours with Motorola Schottky 
rectifiers — at least 80% or more in 
most high frequency designs. Ina 
500 W switching supply this can 
mean a saving of 625 W of power! 

Switchmode Schottkys offer 
performance and price advantage — 
lowest VF at rated current... guard 
rings that protect barrier junctions 
from spikes...thermal resistance that 
doesn’t...speed you can’t even 
measure...super dv/dt...and, 
believe it or not, lower cost. 

And they’re reliable. Mil-type 
testing of standard units has shown 
excellent results. Nobody else passed 
initial screening. 








Everything 
for power... 


Switchmode* silicon power 
2N6542-47, MJ10000/ MJE13000 
discretes & Darlingtons, 1.5-20 A, 300-400 V 

These are the only devices 
around designed and spec’d to bring 
you into the switcher design cycle 
instead of keeping you out! 

Designers* Data Sheets 
completely spell out all essential 


parameters for high-frequency, 100°C 


inductive use — RBSOA volt-ampere 
capability... high-temperature, 
clamped inductive load switching 
specs...switching times as functions 
of collector current and temperature 


. spec’d limits for active region SOA. 


No more “typicals” or empiricals! 
Because no other source has 
taken time and effort to completely 
define necessary performance 
data of this state-of-the-power art. 
Switchmode specs are presented 
with important applications info to 
aid you in device selection and use 
under actual operating conditions. 


Put ‘em all 
together... 


They spell SWITCHER. 
With a capital state-of-the-art. 

The 20 KHz revolution in power 
supplies has taken hold of the 
designer’s imagination and Motorola 
is the only semiconductor source able 
to supply you with all the devices you 
want to put your design skills to 
work...from IC to zener. 

Nobody else can make that 
statement. Check it out. 

And we can add an edge or two 
to your particular switching supply 
design through applications engineers 
who work on nothing but. Call us. 





For more information, Circle No. 18 





Everything else 


72 Rectifier Bridges 
from 1 Ato 35A 
85 Fast Recovery Rectifiers 
from 1 Ato 40A 
132 Rectifiers from 1 A to 50 A 
198 Triacs from 0.45 A to 40 A 
377 SCRs from 0.5 A to 80 A 
556 Small Signal Transistors 
from 10mW to 1 W 
764 Voltage Reference Diodes 
from 6.2 V to 200 V 
1,191 Zener Diodes 
from 1.8 V to 200 V 
..and one sensational, new unique 
crowbar IC — MC3423 — that protects 
against transients or regulator failure 
with adjustable threshold voltage 
and programmable overvoltage 
duration for just a buck-and-a-half!** 


vaomoae Pack 








sili il 


SUIPERIRQWER 





—— Data Sheets, application 
notes and engineering bulletins — 
including our new, “Showcase” 
switching supply — are available 
through any franchised distributor 
or Motorola Semiconductor Products, 
Inc., Box 20912, Phoenix, AZ 85036. 

Get it. 
Then get everything you want 
for your switcher from us. 


MOTOROLA Semiconductors 


**100-999 *Trademark of Motorola Inc. 
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Arrow-M [miler Relays 








An important 
communication for the 
telecommunications 
industry. 


1. 


High Sensitivity 
Minimum operating 
power NF2E 190mw, 
NF4E 310mw. 


. Plastic Sealed 


With N2 gas enclosed. 


. High Contact 


Capacity 

2 amps @ 30VDC re- 
sistive. Can switch up 
to 220V AC/DC. Avail- 
able in 2C, 4C and 
Form D (MBB) contacts. 











4. Long Life 


108 mechanical 


operations. 


Relays for om 
advanced technology. 


Arrow-M NFE Amber relays give you high sensitivity 
with half the power drain... Nz2 gas-filled plastic sealed for 
automatic wave soldering and ultrasonic cleaning. 


20 


The low power requirements of most 
telecommunications computer installations 
demand critical sensitivity and reliability in the 
relay systems. 


Arrow-M Flatpack NFE relays offer maximum 
reliability and sensitivity using half the power of 
ordinary relays. The Flatpack design, only .425 
inches high, is ideal for high density PC board 
packaging. The unique automated modular 
assembly insures extra long life and total 
reliability. And the gas-filled plastic sealed 
construction allows for economical automatic 
wave soldering and ultrasonic cleaning. 


For NFE relays providing maximum sensitivity 


and reliability with minimum power drain, look to 


Arrow-M, the Company with over 50 years of 
meeting and advancing needs of modern 
technology. 


For more information, Circle No. 19 








5. Negligible 
Chattering 
Lift-off card system and 
rebound absorbing 
structure minimizes 
contact bounce. 


: | 6. Low Stable 
: Contact Resistance 


Bifurcated gold clad lift 
off contacts. Applicable 
to low level circuits. 


For more information 
on exact specifications, 
write or call your 
nearest Arrow-M office. 


Arrow-M Corporation 
250 Sheffield St. 
Mountainside, N.J. 07092 
(201) 232-4260 


Western Office: 

22010 South Wilmington Ave. 
Suites 300 & 301 

Carson, California 90745 
(213) 775-3512 





Arrow-M 


Member of Matsushita Group 
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Three-channel side-scan sonar detects 
Loch Ness “‘monsters’”’ and ancient ruins 


Paul Snigier, Associate Editor 


Do prehistoric dinosaurs—plesi- 
osaurs, to be specific—survive 
today in the cold depths of 
Scotland’s Loch Ness? 

Sonar tracings have disclosed 
amazing new discoveries (re- 
vealed here for the first time) 
that involve what appears to be 
the skeleton of such an animal, 
as well as a carcass shape with 
neck- and _ fin-like structures 
resting on the bottom. 

As if this weren’t mind- 
boggling enough, other findings 
show that mysterious stone 
structures literally dot the bot- 
tom of the lake! 

To get the full story, EDN’s 
Paul Snigier and John Conway 








Fig. 1—Marty Klein (a), aboard the 33-ft Malaran at Loch Ness, examines the 


Salem, NH, to meet the creator 
of the sonar system, Marty Klein, 
and sonar engineer Charles 
Finkelstein. They offered some 
background details first. 


The environment of Loch Ness 
The Loch is long and narrow, 


_ stretching southwest and north- 


east about 22 miles, with a fairly 
uniform breadth of about a mile 
and a maximum depth of 780 ft. 
Its temperature remains un- 
changed, year-round—a_ cool- 
but - not - cold 42°F —warm 
enough, according to Woods 
Hole experts, for a large reptile 
to survive. The steep-sloping 
underwater walls of the lake 
drop precipitously to great 





HYDROSCAN Side-Scan Sonar/Sub-Bottom Profiler Towfish. The transmitter is at 
front; the receiving arrays, inside the fish and located further back. A special cable 
made of lightweight DuPont Kevlar, with steel-like strength, is attached to the fish at 
two locations. The Towfish transducers (b) project ultrasonic acoustical pulses that 
spread outward. Returning echoes are converted to electricity, amplified and 
processed to produce a picture of the sea floor that resembles an aerial photo. (All 
photos are copyrighted by Klein Associates and the Academy of Applied Science.) 








depths and have sharp ridges, 
undercuts and possibly even 
caves—places that could form 
excellent hiding spots for a large 
creature. 

The Loch lacks vegetation, 
however, partly because its 
water contains peat suspended 
in solution that blocks out 
life-giving sunlight. Still, sea 
trout, pike, char and stickleback 
abound. Salmon fight their way 
up from the sea into the fresh 
water of the Loch through 
several rivers that drain from the 
lake. 


An improved sonar system 


Marty then went into the 
details of the trace 















Fig. 2—HYDROSCAN sonar scan (a) shows WW-II PBY Flying Boat lying at a depth of 





100 ft on the Loch’s bottom. This sonar ‘‘picture’’ (b) of ‘‘Kleinhenge’’ shows many 
stone formations discovered by Klein. Note that one of the formations consists of 
multiple circles and is 250 ft long. Are these formations Celtic in origin? If so, they 
may prove one of the greatest archaeological discoveries of recent years! 


‘‘Though sonar researchers at 
the Loch have shown that, on 
many occasions, large objects 
move beneath the surface, our 
idea was to use the Klein 431 
HYDROSCAN _ Side-Scan_ So- 
nar/Sub-Bottom Profiler System 
to detect carcasses or skeletons 
on the lake floor. Tests from our 
boat in a lake near Salem, NH, 
had already confirmed that our 
sonar easily picked up mam- 
moth bones placed on_ the 


bottom. 
‘‘Let me describe the system. 
‘The transducer arrays are 


enclosed inside a sleek alumi- 
num or Stainless-steel, rocket- 
like torpedo called the ‘Towfish’ 
(Fig. 1a), which is towed below 
the water behind the boat— 
generally only 15 ft down. The 
device emits an ultrasonic 100- 
kHz sound wave that quickly 
spreads out to the left and right 
(Fig. 1b), and strikes the bottom, 
reflecting echoes back. 

“These echoes are then pro- 
cessed by the Model 431 
3-channel recorder, which, un- 
like previous split-trace, single 
recorders, is not multiplexed 
and prints all three channels 
simultaneously—two side scans 
and one sub-bottom profile. The 
graphic record, created electro- 
statically on dry paper, often 
resembles aerial photographs! 


oe: 


‘‘We experimented very suc- 
cessfully with a variety of 
signal-processing techniques, 
including Hands-Off-Tuning® 
with Texture Enhancement™ to 
bring out finer details and make 
interpretation of difficult areas 
easier. We also tried experi- 
ments with Variable Texture 
Enhancement ™. 

“A third transducer in the 
Towfish has a lower frequency 
capable of penetrating the lake’s 
bottom. For our work in the 
Loch, the side-scan frequency 
was 100 kHz, with a horizontal 
beam angle of 1°, and a pulse 
length of 0.1 msec. Our profiler 


Fig. 3—This trace, one of many, shows a submerged barge (a) appearing as an 


transmitted on 3.5 kHz, project- 
ing a 5°-conical beam with 
0.4-msec pulse length.” 


Search for a fabled monster 


‘After arriving at the Loch on 
June 27,” Klein continued, ‘‘we 
profiled the sediment layers with 
the 431 and, interestingly, found 
what a geologist interpreted as a 
buried ancient river bed! Soon 
the sonar also spotted a World 
War-lIl PBY Flying Boat resting on 
the bottom (Fig. 2a). 

‘‘Our search for bones began 
in the shallow parts—a difficult 
job, since hardly any shallow 
parts exist! Urquart Bay, Bores 
Bay, Lochend, Borlum Bay and 
near Cherry Island—we 
searched them all; and much to 
our amazement, every bottom 
area revealed odd patterns of 
stone: Some were circular and 
concentric; others, rectangular; 
and some, straight (Fig. 2b). 

‘We went on with our work, 
wondering what these patterns 
were. Finally, we dove on one at 
Lochend, and found a circle of 
stone 30 feet across, with a 
smaller 15-ft stone circle inside! 

‘‘Other circular and _half- 
square stone structures, as well 
as lines resembling an ancient 
beachline, dot the submerged 
bottom to 80 ft. 

‘‘These stone structures, per- 





X-shape, and an inexplicable form (b) next to it that had not appeared on the trace in 


previous investigations. 
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haps built by the Celts, indicate 
that the lake bottom may once 
have been dry land. If so, the 
Loch has preserved what may 
prove one of the greatest 
archaeological discoveries of 
this century! 

‘“‘Next, we found more struc- 
tures, yet completely different, 
in a deeper 80-ft bottom; and if 
you look at the sonar prints, 
you'll see a row of 250-ft dots 
emanating from these forma- 
tions. Are these the remnants of 
some prehistoric stone-age 
tribe? Or maybe a new Stone- 
henge? 

‘‘We also looked at the Loch 


Laser scanning 


Ness walls and detected a 
distinct pattern that resembles a 
submerged cave opening 9-ft 
square. 

“Later,’’ Klein concluded, ‘‘we 
picked up an unusual shape with 
a long neck-like projection and 
what could possibly be flippers 
(Fig. 3a). It was 30 ft long and at a 
depth of 330 ft, too deep for a 
dive.”’ 


“A riddle wrapped in an enigma’’ 


Charlie added a final revela- 
tion. 

‘‘We observed other objects 
that appeared similar to the 
bones detected in our New 


Hampshire tests. | dove down to 
the sand-silt bottom to investi- 
gate. Instead | discovered clay- 
like clumps standing up from the 
floor—a very unusual phenome- 
non, considering clay doesn’t 
form such patterns every day! 

‘‘l also saw clay ‘shells’, like 
shingles, on the sides, broke off 
a piece and took it up.” 

Data from this research proj- 
ect is still being analyzed. 
Whatever the final results, the 
inescapable conclusion has 
emerged: These _ scientific 
findings are only the beginning 
of a solution to the Loch Ness 
‘‘monster’ mystery! © 


‘looks’ inside active semiconductor 


devices and safely reveals their functioning 


A long-sought, nondestructive 
way of telling what goes on 
inside semiconductors is now a 
reality. With the laser flying-spot 
scanner, you can map dc and 
-high-frequency gains in transis- 
tors; detect device areas that are 
Operating in a nonlinear man- 
ner; and electronically map 
device temperature and detect 
the location of “hot spots.’” You 
can even change individual logic 
States in a single shift-register 
cell. 

Mapping is performed by 
scanning the semiconductor 
device with light from a low- 
power CW laser. This creates 
electron-hole pairs within the 
structure. These current carriers 
can then easily be detected, 
since they enhance the signal 
Current-carriers supplied by 
leads fixed to the device. 


The process is painless 


Unlike investigations with an 
electron microscope, laser scan- 
ning does not damage the 
semiconductor, and thus allows 
for in-depth studies. 








A nondestructive look at the inner workings of a semiconductor device is possible for 
NBS scientists David W. Berning (L) and David E. Sawyer (R), shown here using the 
laser scanner they developed for the process. 


For example, take a static dual, 
128-bit PMOS ion-implanted 
shift register. With the flying- 
spot laser scanner, you can 
observe operation of the register 
without altering device charac- 
teristics. All that’s needed is to 
connect the package leads as 
appropriate for normal circuit 
operation, focus the scanner’s 
raster on the register, and use a 


scope to display a synchronized 
map picture of device operating 


currents. 


With this setup, logic flows are 
readily traced on the scope 
presentation. It’s easy to ob- 
serve ONE’s and ZERO’s, and 
marginal or defective cells show 
up plainly. 

By selectively focusing the 
attenuated laser beam on an 
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individual cell, you can also 
change that single cell’s state. 
Directing the laser beam to one 
side of the cell changes a ZERO 
to a ONE, while aiming it at the 
other side reverses the state. 
Adjacent cell status remains 
unchanged. 

Of course, such an optical 
scanning technique proves use- 


ful only when it is possible to get 
light into a device. However, 
today’s trend toward interdigi- 
tated structures and semitrans- 
parent polysilicon conductors 
for MOS circuits makes such an 
application simpler. 

National Bureau of Standards 
scientists David E. Sawyer and 
David W. Berning developed the 


Copper foot will put the “finger’’ 
on footwear heat-loss problems 


Future U.S. servicemen may 
have more comfortable feet, 
thanks to a copper foot under 
development by University of 
Utah researchers. Built in the 
shape of a standard size-9 
human foot, the electrically 
heated form will be used by the 
Army for checking efficiencies of 
various types of footwear. 

Charles D. Baker, principal 
investigator on the project, 
succinctly summed up its objec- 
tives: ‘‘The Army uses dozens of 
types of footwear, from flight 
boots and arctic gear, to combat 
boots and tropical gear. Each can 
be used with many different 
types of socks and liners. What 
we are building is a foot 
calorimeter that will test how 
efficiently a boot or a sock 
prevents or enhances heat loss 
from the foot.” 


Toe bone connected to the...? 


Researchers first made a 
plaster mold of a standard size-9 
foot model. Then, a 1/8-in. thick 
copper shell was electroplated 
over the mold. 

This copper shell was cut into 
three main sections—toe, center 
and heel—and then subdivided 
into 27 separate plates. 

The plates, each equipped 
with its own heating coil and 
temperature indicator, were 
then reassembled on a plastic 
model of the original form. For 
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easier insertion into boots, the 
plastic foot is also cut into three 
interlocking sections. 

To begin the test, each section 
is turned on, and the tempera- 
ture is stabilized at 98.6°F. Then 
the foot, already inserted in the 
sock or boot to be tested, is 
placed in the appropriate (hot or 
cold) test chamber. 

The 122 wires coming out of 
the model are fed to a computer 
that monitors the variation in 
current required to maintain a 
constant temperature in the 
foot. Increased current drain is 
synonomous with high heat loss 
and low footwear efficiency. 


Giving it the “hot-foot’” test 


To minimize heat transfer, the 
27 copper plates covering the 
foot are slightly separated. Such 
a design will allow Army testers 
to exactly pinpoint where the 
greatest heat loss occurs. 

This new test system offers 
two very significant advantages 
when compared to the process it 
replaces. Since the’ older system 
utilized a continuous copper 
surface, pinpointing specific 
heat-loss areas proved impossi- 
ble. Also, the older model was 
incompatible with computeriza- 
tion; this factor alone could bea 
“terminal condition” in today’s 
electronic market. 

Technology development is 
really the hardest part of the 





laser flying-spot scanner and 
demonstrated its capabilities. 
More details are provided in 
NBS Special Publication 400-27 
that contains the script for a 
video-tape presentation on the 
subject. Send $1.20 to the U.S. 
Government Printing Office, 
Washington D.C. 20402, to 
obtain this document.—ED 





the job of the copper foot (shown on the 
right) now under conversion into a 
calorimeter by the University of Utah’s 
Biomedical Test Lab for the U.S. Army. 
At the left is a painted plaster model with 
dots showing where heating coils will be 
placed in the final copper foot. 


project. If successful, subse- 
quent project phases should 
evidence smooth sailing. The 
Army has tentative plans to 
follow up this project with a 
copper hand for testing gloves, 
and then an entire copper body ~ 
for determining clothing 
efficiency.— TO 
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Trigger 





Automatic displays to 25 MHz at 2 mV 


As illustrated, the PM 3212 has 
an impressive combination of 
features that add up to unbeat- 
able all-round performance. 
Bandwidth, sensitivity, 
triggering facilities, weight and 
dimensions are all what you 
need and what you might 
expect for this price class. 


“Auto” triggering on the PM 3212 is more 
than a trace finder-—much more. 

In this mode not only is a zero line 
displayed when there is no input signal, 
but in the presence of a signal the 
trigger level is derived from the 
peak-to-peak amplitude of the signal 
This gives instant and unambiguous 
triggering for a wide variety of 
measurement conditions. 


Continuously variable 
timebase for easier 
measurements of phase, 
for ttming comparisons 
and to avoid “double 
writing” problems in 
digital applications. 


High light output displays 
through 10 kV tube. 

Small spot size. 
Continuously variable 
illumination of fine-line 


internal graticule. Composite triggering 


when both buttons are 
depressed. When used 
in the alternate mode 
this gives a stable 
display of two unrelated 
signals. 







cannot be handled. 






PM 3212 has 

compact dimensions of 
445 x 300 x 145mm ; : : es lias FO 
(lx wx h). Weight - [_ i. aa 
approx. 7.9 kg (17.4 Ib) -* 





Double-insulated power 
supply eliminates need 
for earth connection 
(i.e. 2-wire line cord). 





Any of the selected 









tal channel. 





Philips Test & Measuring Instruments, Inc. 


A NORTH AMERICAN PHILIPS COMPANY 


In the United States: 
400 Crossways Park Drive 
Woodbury, N.Y. 11797 Toronto, Ontario Canada M6A 1K2 
Tel: (516) 921-8880 Tel: (416) 789-7188 


Toll-free HOT LINE number 800 645-3043 
N.Y.S. residents call (516) 921-8880 collect 


In Canada: 
6 Leswyn Road 


Test & Measuring 
Instruments 


PHILIPS 


For more information, Circle No. 14 
For demonstration Circle No. 15 


DC coupled triggering 
without which variable 
duty cycle waveforms 


This is a vital feature for 
digital measurements. 






trigger sources can be 
switched to the horizon- 


But we give you more. A brighter 
trace, a Sharper display, 

a double insulated supply, 
battery operation and versatile 
X-Y facilities. And the usual 
Philips plus: the unbeatable 
front panel layout. 


For further details contact, 
Philips Test & Measuring 
Instruments, Inc. 


Automatic TV triggering 
at the touch of a button. 
Frame triggering occurs 
in the lower sweep 
speeds, changing over 
automatically to line 
from 200 us/div 
upwards. 





Level control can be 
used instead of “Auto” 
when the instrument 
needs to be triggered at 
an exact point in the 
input signal. 














Separate source 
triggering for unambi- 
guous, Stable displays 
without the incon- 
venience of changing 
probes. 


Carrying handle auto- 
matically protects crt 
and controls. 


PHILIPS 











SWAP MEET 


Savings on 
PCB’s and 
hardware 


Savings on 
IC direct 
material 


Reduced 
IC’s per 
system 


Simplified inventory 
control, procurement, 
documentation, system 
check-out, and repair 


Full compatibility 
with DIL, TTL, 
and CMOS 


Better 
system 
reliability 


Savings on 
system power 
supplies 


Reduced 
manufacturing 





Now you can trade in your SSI and MSI circuits 
for all these custom I'L“SWAP” chip advantages! 


Now with “SWAP”- Stewart Warner 


Array Programming-—you can have all 
these custom chip benefits without 
paying the usual custom chip penal- 
ties. No large tooling costs and huge 
entry fees. No gigantic production 
order requirements. No long waits for 


deliveries. For as low as $1800, you 
have delivery of your first custom |?L 
“SWAP” prototypes in four weeks. 
“SWAP” is the major price break- 
through in custom logic circuits that 
makes it easy for you to take that first 
step. To climb aboard the bandwagon 


with your buddies in the industry, all 
you need is $25. That buys you your 
new SWAP Kit including the Design 
Manual, vellum work sheets, and 15 
sample |?L devices illustrating some 
of the functional blocks that can be 
used in aSWAP design.Send for yours! 


Okay, here’s my $25.00 (or P.O. 


No... Rush me my /2L 
SWAP Design Kit. 


| need more information, please 


have a representative call me. 


Tell me about your standard 
off-the-shelf DTL, TTL, and 


CMOS circuits. (We have these 


in stock.) 


SYMBOL OF 


EXCELLENCE 


SWAP 


Preniggas ABasi! 





For more information, Circle No. 22 


STEWART-WARNER MICROCIRCUITS DIVISION 
STEWART-WARNER CORPORATION 


730 E. Evelyn Ave * Sunnyvale, Ca. 94086 » (408) 245-9200 


Name 


Company. 


Phone 


Address 


Se: | Seeribioetiine tear er mR te Os Zip 





py 








ow to get through a bandwidth 


in ten easy steps. 


SERIES 40’s 
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Step Calibrator 


measures frequency response 


with the click of a switch. 


Set SERIES 40’s main dial once, and you'll get 
eleven precise frequencies in ten equal steps 
by simply clicking the Step Calibrator switch 
from zero to ten. With 1000:1 frequency change 
in the log mode, each step is equivalent to 
approximately one octave, which is partic- 
ularly useful in audio testing. And unlike other 
function generators, SERIES 40 allows you to 
step up or down without having to cycle 
through the entire ten steps. 

So — when you're testing frequency re- 
sponse, just set up the band edges and click 
through the ten steps, measuring amplitude at 
each step...it’s that easy. 


INTERSTATE 


ELECTRONICS CORPORATION 
Subsidiary of A-T-O Inc. 


For more information, Circle No. 23 





SERIES 40 
Function Generators 


— New from INTERSTATE 


SERIES 40 gives you plenty of amplitude — 
40 V peak-to-peak (open circuit) — and takes 
the guesswork out of pinpointing response with 
its continuously variable Frequency Marker. 
SERIES 40 also offers you INTERSTATE’s 
exclusive direct-reading sweep limit control 
and full spectrum of function generator cap- 
abilities in five models from $475 to $695. For 
additional SERIES 40 specifications, call 
Product Marketing at (714) 549-8282, or write 
Interstate Electronics, Dept. 7000, Box 3117, 
Anaheim, CA 92803. 
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wP digs signals out of a very 
noisy environment—outer space! 


Try to imagine the complicated communications 
systems and data-transmission problems associ- 
ated with the spacecraft ‘Enterprise.’” No, we’re 
not referring to the starship of ‘Star Trek” fame, 
but rather the space shuttle NASA rolled out for 
the first time in mid-September. 

NASA, currently performing laboratory studies 
On various’ shuttle-orbiter microwave- 
communication links, has contracted the Harris 
Electronic Systems Division of Melbourne, FL to 
implement a wP-controlled spread-spectrum 
modem as one approach to these problems. 












oo MODULATOR 
DIGITAL 


INPUT ce ed oe 


_ STREAM 


N-LENGTH P/N SEQUENCES 











DECODE 
TIMING 








DEMODULATOR 








Spreading the transmission over a wide range 


Spread-spectrum techniques offer two distinct 
advantages for space communications: energy 
dispersal over a broad range of frequencies and 
significant information-processing gains in the 
presence of narrowband interference. 

In this system, digital inputs combine with a 
fixed-length pseudorandom-number (P/N) se- 
quence composed of a repeating binary pattern 
that may range, in this application, from only 
three to 128k bits long. (NASA selected a 2k 
test-bit length.) 








FILTER AND 
ENVELOPE 
DETECTOR 



















LEVEL 
INPUTS : 






By synchronizing a P/N. sequence on the ground with a similar pattern generated in space, the CP-1600 can detect a 
spread-spectrum signal modulated over a broad range of frequencies; this method uses much less energy than signals modulated 


by other techniques. 
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Front panel of the demodulator lets the user set operating 
parameters without knowing he is interfacing with a 
computer-type controller. 


For almost every modulation technique, faster 
modulation implies a wider output frequency 
range; in this case, the 11-MHz P/N sequence 
modulates the slower digital data stream fast 
enough to produce a spectral occupancy of about 
25 MHz. In every instance, the transmitted spec- 
trum expands to a range proportional to the 
P/N-sequence length. 

Demodulation, a most demanding process in 
this system, takes advantage of the wP’s outstand- 
ing computational and control capabilities. A P/N 
sequence identical to that mixed with the original 
data stream must be generated. Then, when an RF 
mixer subtracts this sequence from the filtered 
spread-spectrum input, the original data stream 
emerges. 

- Achieving synchronization between the relative 

position of these P/N sequences comprises a 
major system problem and the pP’s biggest task. 
But because the energy level from the RF mixer 
rises as time correlation between the two P/N 
sequences increases, the processor can measure 
this energy and feed back instructions to a 
sequence shifter to maximize output levels. 
Lock-in time varies with P/N-sequence length, 
but the two strings generally sync within several 
seconds of signal input. Since the wP cannot sync 
the two closer than one bit, a phase-locked-loop 
fine-tunes the demodulator sequence for opti- 
mum performance. 


Cut energy 98% while decreasing errors 


Senior engineer Stan Padgett explained the 
significance of a spread spectrum: ‘‘Originally 
NASA had studied a number of transmission 
techniques, but calculations showed that they 
required more narrow-band energy than CCIR 
(The International Radio Consulation Committee) 
criteria allow. In this case, when going from a 
standard transmission technique to spread spec- 
trum total energy density (signal strength per 
cycle bandwidth) drops 98%. And because the 
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energy modulates over such a wide range, the 
level at any given frequency stays well within 
established limits. 

‘In addition, interference signals in one narrow 
band obscure only a small fraction of total 
transmission energy, allowing signal recovery 
with low error rates in noisy environments. In 
fact, the ~P-controlled system handles a S/N ratio 
(power ratio) of —10 dB at a 700-kHz IF 
bandwidth—10 times more noise than signal! 

“After NASA decided spread-spectrum systems 
were worth investigating, they contracted us at 
Harris to develop a manually controlled system 
which proved the concept but did not offer 
impressive acquisition performance specs. NASA 
returned to us for an updated version, and at that 
point we decided to go to microprocessor 
control.” 


How to choose a processor intelligently 


After considering other alternatives such as a 
simple ROM-controlled sequencer, Harris chose 
a wP for several reasons: the large number of 
operator-interface formats allowed, ease of 
changing algorithms, and the ability to add 
system diagnostics in software. 

Choosing a particular processor involved for- 
mulating a basic-system flow diagram from which 
the system parameters (which ruled the choice of 
uP) were developed: 16- to 20-bit accuracy for 
signal-averaging routines, flexible memory ac- 
cess, limited 1/O demands, and most vital, speed. 
(The most critical timing path occurs when the 
processor must accumulate 16 8-bit A/D samples 
at a 16-kHz rate while simultaneously running 
multiply and divide routines.) Meeting such 
speed constraints, higher cost bipolar P’s used 
only a fraction of their capabilities, while slightly 
less efficient MOS processors emerged as most 
cost-effective. 

With these selection factors in mind, General 
Instruments’ CP-1600 seemed a logical choice. 
This 16-bit MOS machine provides a number of 
internal features easily adapted to the fairly 
complex arithmetic and data functions in the 
system algorithms. 


Troubleshooting made easy 


This system automatically tests several critical 
components, including RAM, upon power-up. 
While NASA officials watched, Harris engineers 
on-site first applied power to the unit, causing the 
RAM diagnostic lamp to light. After verifying the 
problem, these engineers picked up a replace- 
ment RAM at their local distributors, plugged it 
in, and the system performed perfectly. Thus, the 
internal diagnostic system proved itself, as did the 
concept of easy-to-repair microelectronics. 0 
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SORENSEN 


iS THE SOURCE. 


FOR MODULAR SWITCHING 
POWER SUPPLIES. 


Check our standard features: 











e 10 models, 1.8V to 56V with power levels ranging up to 225 
watts. 

115/220 Vac input by external barrier strip change. 
50/60-Hz operation with no derating. 

Logic shutdown for system applications. 

Extra long hold-up time. 

Low ripple and noise through use of double-stage filtering. 
Wide-range output voltage adjustment. 

Built-in adjustable overvoltage protection. 

Superior line and load regulation. 

Internal adjustable current limiting. 

UL component recognition. 

High power-to-weight ratio. 

20-kHz switching. 

Rack adaptors available. 

Immediate delivery. 

Made in U.S.A. of quality components. 

Five-year warranty, backed by worldwide service 
organization. 


5V 30 Amps. 









Nominal {Output Volt- 
Model No. | Voltage | age Adjust- Output Current 
| ment Range 


Chegk our speeiea ene min, max [SCT CSOT STC] 









AC Input Power: 98 Vac-132 Vac, 187 Vac-250 Vac. SSD2-30 
Frequency: 47-63 Hz single phase. 360-440 Hz (double SSDS-30 
rms Ripple spec.) No derating. Voltage selectable by a ae : 
single link on the front panel. SSD15-12 

Voltage Regulations: Line: 0.03% over full AC input range. Load: SSD18-10.5 
0.03% for zero to full lead. SSD24-8.5 






SSD28-7 
SSD36-5 
SSD48-4 






Voltage Ripple: Typical 2m V rms, 20mV pk-pk (20Hz to 20 MHz). 
Max. 5mV rms, 50mV pk-pk (20Hz to 20MHz2). 

Temperature Coefficient: 0.01% max. per °C. 

Stability: 0.05% max. for 24 hours after warm-up. 

Transient Response Time: Output voltage returns to within 1% 





















in less than 1.2 ms following a step-load change from For OEM discounts call: 
either 50% to 100% or 100% to 50% of full load. Sorensen, (603) 668-4500. 
Overshoot: No overshoot at turn-on, turn-off or power failure. 
Hold-Up Time: Full regulated voltage holds up for 40ms after 676 Island Pond Road, 
removal of power at full load, and nominal input and output Manchester, NH 03103. 


voltages (80ms for half load). 

Overvoltage Protection: Built-in adjustable overvoltage pro- 
tection standard on all models. 

Efficiency: Up to 78%. 

Remote Sensing: Voltage drops can be compensated for up to 
the max. specified terminal voltage. 

Paralleling: May be directly paralleled without derating. 

Soft-Start: In-rush current is limited by soft start circuit. 


For more information, Circle No. 24 





8080 points to faulty memory chips 
in mainframe add-on memory system 


Most engineers think of memories as subsidiary, 
even if vital, parts of any microprocessor system. 
But a new Intel add-on memory system turns the 
tables: A pP-controlled maintenance panel helps 
keep a much larger memory operating properly. 

The Intel Memory Systems Model IN-7168 
provides large memory capacity (up to eight 
megabytes in one-megabyte increments) for use 
with the IBM 370/168. Like other add-on’s not 
supplied by IBM, savings attract many buyers, but 
reliability and maintainability make the sale: The 
customer shudders at the thought of downtime in 
his expensive computer, while IBM takes a 
jaundiced view when “foreign” attachments 
cause problems with their machine. 


Learning from the memory’s mistakes 
This maintenance panel serves primarily as a 




















flexible diagnostic tool that senses, logs and 
reports single- or double-bit errors, as well as 
monitors power-supply variations. 

Although semiconductor memories, unlike 
core memories, exhibit a relatively large number 
of errors, the 370/168 automatically corrects for 
single-bit errors. It cannot, however, do likewise 
for multibit errors that, along with power-supply 
failures, account for most system failures. Such is 
the importance of error logging: The panel 
reports all errors detected, and a service engineer 
uses this information to lead him to boards or 
chips responsible for single-bit errors that he 
could replace while the system continues to work 
properly. 

The panel keeps track of up to 400 error words 
generated by system memory chips, and logs 
them in order of frequency; error words for 
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Using only a fraction of the space in the add-on memory, this maintenance panel monitors voltage levels as well as detects and 


logs potentially system-disabling errors. 
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Anadex FP-600 


prinis perfect 






THE ANADEX FP-600 SERIES offer 
new standards of reliability in Ticket 
Printers and print quality that 
produces clean, crisp characters on 
multiple-copy tickets or forms, with 
card backing if required. 


An entirely new drum-type printing 
mechanism is designed for 
extremely long life. Production 
units have been tested for over 5 
million lines with no defects or loss 
of print quality. This mechanism is 
also available separately to OEMs. 


A total of 30 lines of numeric data 
can be printed in 19 columns at up 
to 2.4 lines per second, using either 
pressure-sensitive paper or standard 
paper with interleaved carbons. 











the FP-60O 


Two basic models are available: the 
open-throat version that accepts 
forms of unspecified width; and the 
closed-throat version that accepts 
standard 3% inch cards. 


For more information, Circle No. 25 


copies, through 








Options include a digital clock to 
record date and time, and a 3-digit 
counter to print sample numbers. 
Also available are bar code readers, 
card positioning systems and 
special print drums. 





For complete details anda 
demonstration, contact 

Ken Mathews, Vice President of 
Marketing at Anadex, 7833 Haskell 
Avenue, Van Nuys, California 91406, 
213 / 782-9527; TWX 910-495-1762. 
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asking about 
SUBMINIATURE LAMPS? 





Fully hardware and software compatible with the IBM 370/168 
computer system, the Intel-7168 add-on memory contains a 
maintenance panel that logs and reports errors, allowing easy 
detection and replacement of faulty memory elements. 





frequently failing chips therefore migrate to the 
top of the RAM error log. 
Since uncorrectable errors may disrupt system 


operation, the contributing memory component 
must be located and replaced as quickly as 
possible. And although the panel cannot provide 
information on the data bits in question, correlat- 
ing double-bit error addresses with addresses in 
the single-bit error log locates the responsible 


chip. (The system provides only 16 locations for 
multibit errors because they occur infrequently.) 


How best to maintain a maintenance panel? 


An Intel 8080 controls the panel in a straightfor- 
ward configuration with other members of the 
MCS-80 family. Len Plewa, project engineer for 

Cl) | this panel, found the Intel MDS system and the 


ICE-80 in-circuit emulation system most valuable 
in its development. 3 

One interesting problem for Plewa was how to 
maintain the maintenance panel itself. Not being 
a usual memory-system component, service tech- 
nicians would find it unfamiliar and automatically 
suspect whenever any problem arose. So Plewa 
designed in self-test plus self-diagnosis: A se- 
quence of switch settings and button depressions 
check out the panel, and if malfunctions occur, 
the serviceman simply replaces a memory card in 








Chicago Miniature has the answer for every the panel with one containing special test 
subminiature application. All base configurations or PROM’s that complete the test. This entire 
wire terminal... all colors...standard products and operation may take place off-line while the 
specials ... whatever you need with high quality at memory continues to run. 


competitive prices. There’s off-the-shelf delivery on 


most items from your distributor. For more While this wP has obviously added attractive 


information, or expert design help, contact Chicago features to the standard add-on memory, Intel 
Miniature Lamp Works, 4433 N. Ravenswood Avenue, looks forward to applications in other new 
Chicago, Illinois 60640. Phone (312) 784-1020. systems. 
CHICAGO MINIATURE LAMP WORKS 
GENERAL INSTRUMENT CORPORATION Article evaluation: Please circle one on R.S. card. 
[=] Read Some—No. 301 Read Most—No. 302 


For more information, Circle No. 26 
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Because. its pushbutton spee 

high accuracy (.1%), small size and 
versatility (.1 pf to .2 farads), make 
capacitors easier to measure than resisto! 


With the C-meter, you'll waste no time twiddling, and nulling, and 
you'll cut the need for expensive tight-tolerance capacitors or 
tweak pots in your circuits. You'll be a much more efficient 
engineer. And popular too, because people just can’t keep their 
hands off the C- meter. 


You owe it to you rself to ~ one. Our reps are stocking them at $2 89. 


ECD CORP. 


J 196 BROADWAY, CAMBRIDGE, MASS. 02139 
' (6171661-4400 


| SALES OFFICES: AL, Huntevilie (205) 533- 5896; AZ, Scottsdale (602) 947-7841; CA, Costa Mesa 
(714) 540-7160; CA, Sunnyvale (408) 733- 8690; CO, Denver (303) 750-1222; FL, Winter Haven 
(813) 294-5815; GA, Chamblee (404) 457-7117; {L, Elk Grove Vill (312) 593- 0282, IN, Indianapo- 
lis (317) 293- 9827: MD, Lanham (301) 552- 2200; MA, Burlington (617) 273- 0198; MN, Minne- 
apolis (612) 781- 1611, NJ, Camden (215) 925- 8711, NM, Albuquerque (505) 299. 7658; NY, 
Great Neck (516) 482- 3500, (212) 895-7177: NC, Raleigh (919) 787- 5818; OH, Centerville 613) 
433- oe TX, Houston (713) 688- 9971; TX, Richardson (214) 231-2573. 


_ por more a. Circle No. 27 





Must you always 0) 0] 110 8 ten 


application to oling when you develop 
anew design? 


mates always. You can use AMP Multimate. 
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You asked for a way to produce new I/O cable or internal 
harness designs without always having to obtain new connector 
application tooling. 


AMP answers with the Multimate concept. 
For example. 


A choice of three, size 16 contacts. A screw machine contact, 
and | or 2-piece precision formed contacts. All interchangeable 
and intermateable plus AMP Subminiature Coaxial contacts 

fit in the same cavities when needed. 


Then specify AMP Connector housings from many proven 
styles and sizes. 


The rugged, economical Circular Plastic Connector, or those 
versatile M Series connectors widely used for commercial and 
military applications; or the AMP MI Connectors, designed 

to international standards. Additionally there is a cast shell rack 
and panel range as well as metal-shelled modular connectors. 


If you have AMP application tooling for the Multimate contacts, 
you can produce these connector assemblies. And that can 

save inventory and allows for larger piece part volume purchases. 
Further savings can be made in the field because fewer service 
tools are needed. 

Here at AMP, answering your problems is our business. 

So when you work with Multimate, you can expect the kind of 
service and backup for which AMP is famous. 

We have district sales offices around the country; they are 

there for one purpose only. To serve you. 

With Multimate, you not only get real contact-connector 
flexibility, you have AMP behind your design innovations. 


For information on Multimate, write or call AMP Incorporated, 
Harrisburg, PA 17105. (717) 564-0100. 
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AMP is the registered trademark of AMP Incorporated. 
For more information, Circle No. 28 
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Tracking generators stretch your 
spectrum analyzer’s capabilities 


Whether built-in, plug-in or stand-alone, the tracking generator 
makes spectrum analysis easier while increasing accuracy. 


Peter Linden, Hewlett-Packard Co. 


The spectrum analyzer (SA) is a versatile instru- 
ment for displaying the amplitude and frequency 
components of a signal, but it does have limita- 
tions. For instance: If you want a frequency 
readout to better than 1% accuracy, the SA’s CRT 
won't help you. And if you want to measure a 
crystal-filter response over a 100-dB range, the 
SA’s mixer will only guarantee distortion compo- 
nents 70 dB down (or worse, depending on the 
mixer’s drive voltage). 

The way around these limitations is to use a 
tracking generator (TG). Because the TG ties in to 
the internal-processing circuitry of the SA, it 
bypasses the primary source of distortion—the SA 
mixer—in the tracking process. Since a TG can in 
essence amplify a weak signal located by the SA’s 
marker, it is also possible to obtain counter 


Input = 1120 MHz & 200MHzt A> 
0-110 “9 BPF “9 
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Oscillator 
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accuracy on otherwise impossible frequency 
measurements. 


Reverse the conversion process 


A tracking generator generates its signal by 
starting with its own crystal-oscillator signal and 
successively mixing it with the local oscillators 
(LO’s) of the spectrum analyzer (Fig. 1). Signal 
flow in a TG is the reverse of that for an SA, 
mixing with the SA’s third, second and first LO in 
succession before amplifying the output. This 
results in an output signal of precisely the same 
frequency the SA is tuned to receive. But since 
the generator and the analyzer share the same 
LO’s, each TG must be designed for a specific SA. 

Depending on the application, the TG can act 
as either a sweeper or as a continuous-wave (CW) 


\/ To 
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Fig. 1—A tracking generator’s signal flow is the reverse of a spectrum analyzer’s. Here, a 110-MHz tracking signal is 
generated by successive mixing with the SA’s third, second and first local oscillators, respectively. A 3-MHz crystal 


oscillator originates the tracking signal. 
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200-310 MHz 
Local Oscillator 


Fig. 2—The SA’s first LO determines the output of the tracking 
generator. If this LO is sweep-tuned, the TG output will 
sweep. But, if it is fix-tuned, the TG outputs a CW signal. 
Assume the analyzer’s first local oscillator sweeps from 225 to 
275 MHz, which tunes the analyzer from 25 to 75 MHz. The 
tracking generator then outputs a signal that sweeps from (225 
to 275 MHz) —(200 MHz), or 25 to 75 MHz, again. If the first LO 
is fix-tuned to 250 MHz, the analyzer receives a 50-MHz signal 
and the tracking generator outputs a CW signal at 50 MHz. 


signal source (Fig. 2). If the SA’s first LO sweeps, 
the SA and TG tune over the same frequency 
range and the TG outputs this range. Generally, 
the tracking-generator output level is highly 
calibrated and flat vs. frequency, making the 
output a good test signal for sweeping. 

If the first LO is fixed-tuned, however, the 


bab 
insertion 





spectrum analyzer becomes a receiver and the 
tracking generator, a CW signal source. As such, 
the TG can provide an output of sufficient 
amplitude to drive a counter, even though the 
signal to which the SA is tuned may be too small 
to register on a counter directly. 


Bypass mixer distortion 


When the tracking generator is used as a swept 
source it becomes, in conjunction with the 
analyzer, a highly tuned stimulus-response test 
system of up to 110-dB dynamic range. By 
inserting the device-under-test (DUT) into the 
TG/SA loop, characterization of devices such as 
filters, amplifiers or antennae is possible. More- 
over, the SA/TG/DUT system avoids the distortion 
of the SA mixer at more than 70 dB down that 
would otherwise be encountered in an external- 
sweep/SA/DUT system. 

This distortion is in the spectrum analyzer’s 
mixer and its harmonics. If the fundamental is at 
20 MHz in an externally swept measurement, for 
example, the mixer creates an undesired signal at 
40 MHz on the CRT that obscures true signals at 
that frequency. With the TG/SA combination, 
however, the fundamental moves with the TG, 
which follows the SA. This means that by the time 
the analyzer tunes to 40 MHz by way of following 
the TG’s signal, the SA mixer’s second harmonic 
is then at 80 MHz, and so on. The tracked SA 
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Fig. 3—Measure crystal-filter insertion loss by using a TG/SA 
combination that avoids the analyzer’s mixer’s internal 
distortion (a). With an external sweeper performing the same 
measurement (b), SA mixer distortion is unavoidable. 
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Fig. 4—To measure return loss, just use a directional bridge/coupler with your SA/TG combination. 


never has a chance to tune to its own mixer’s 
distortion product. 

You can thus drive the SA’s input mixer with 
signal levels up to, or even exceeding, its 1-dB 
gain compression point (typically —10 dBm) and 
still measure signal levels down to the internal 
noise level of the analyzer. For example, suppose 
you make a filter response measurement using a 
1-kHz resolution bandwidth. If noise level in that 
bandwidth is —120 dBm, your measurement 
range can extend 110 dB, from —10 to —120 dBm. 


Characterize linear devices... 
On the work bench, of course, the most 





Tracking Generator 


Spectrum Analyzer 





Tracking Generator 


Spectrum Analyzer 











Receiver 








common measurements are the insertion loss and 
return loss of linear devices. With an SA/TG setup 
(Fig. 3), these become very simple operations. For 
an insertion loss, first calibrate the SA/TG system 
for 0 dB by means of a direct connection between 
the instruments. Then insert the DUT and read 
insertion loss relative to the calibration point 
directly on the CRT. 

For a return-loss measurement (Fig. 4), cali- 
brate the system by connecting the analyzer to 
the reflection port of a directional bridge/ 
coupler, the tracking signal to the source port, 
and by shorting the load port. Then replace the 
short by the terminated DUT and observe the 
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Fig. 5—TG/SA measurements can also include nonlinear 
devices. Here the tracking generator, used as a modulation 
source, tests both receiver (a) and modulator (b) responses. 
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Fig. 6—Don’t sweep too fast! Here’s what can happen if you 
don’t allow time for the DUT to respond. 





return loss relative to the calibration point on the 
CRT. 


...and nonlinear devices, too 


Sweep-measurement applications aren’t limit- 
ed to linear devices; the response of frequency- 
conversion devices may also be measured. If you 
want to measure a receiver’s response (Fig. 5), 
use the tracking generator as a modulation 
source: The TG externally modulates a signal 


Fig. 7—Even low-level signals embedded among stronger 
signals can be measured using a tracking generator. Simply 
position the marker and connect a counter to the TG output. 


Tracking Generator 










Spectrum Analyzer 


10 dB/div 








Fig. 8—To measure frequency with a tracking generator, just 
manually scan until the marker is at the peak of the signal to be 
measured and read the TG frequency on a counter. 


generator while the receiver under test demodu- 
lates the signal and the spectrum analyzer views 
it. 

In a related technique, modulator or transmit- 
ter response is analyzed by down-converting the 
tracking signal to generate a modulation source 


and then viewing the modulated carrier on the 
SA. 


Account for DUT response time 


Suppose you want to make a trickier measure- 
ment like viewing the reflection of an acoustic 
wave. Then you must take into account propaga- 
tion time of the wave. With a tracking generator 
this is simple: Just offset the TG source frequency 
ahead of the analyzer’s tuning by an amount 
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Unknown Signal 





Fig. 9—Use a beat technique to eliminate tracking error. Add 
the unknown signal and a TG output of about the same 
amplitude at the SA’s input. Observe the beat, magnify the 
display and manually tune to the center of the beat. Then 
count the output frequency of the TG. 


equal to: 


frequency span/div. 
t = propagation time X ocean Hmeldins < 
The SA will tune to the acoustic wave as it is 
reflected back to the input. 

Also make certain that system sweep speed is 
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50 MHz = 250.1 — 200.1 


120 MHz 
LPF 








1st LO Frequency 
corresponding to 
marker position is 250.1 


slow enough to accommodate the response time of 
the DUT (Fig. 6). Even though analyzer controls 
indicate that the sweep speed will indeed allow 
the system’s internal filters to respond, the DUT 
could have a very narrow-band response or 
resonance that requires even slower sweeping to 
be detected. To be sure you’re seeing the DUT’s 
true response, then, the sweep speed should be 
reduced to the point where the shape of the 
response stops changing. 


Improve frequency accuracy 


When narrow-bandwidth frequency measure- 
ments are required, the TG opens up a few 
decades’ worth of improvement (Fig. 7). On a 
100-MHz SA with 10-Hz minimum resolution, for 
example, the addition of a tracking generator can 
improve frequency-measurement accuracy from 
+1 MHz to +1 Hz—a million-to-one improve- 
ment! 

A counter obtains these frequency measure- 
ments. If the counter is external to the TG, the 
analyzer must be manually tuned to the signal 
peak in order for the TG to output the CW signal 
to be counted. But if the counter is built-in, it 
typically measures the frequency at which the 
SA’s tunable marker is placed. The user positions 
the marker on the signal peak to be measured 
(Fig. 8); when sweep reaches the marker frequen- 
cy, it pauses, TG output is counted and the sweep 
resumes. 


Py 50 MHz Signal appears at 200.1 MHz 


when 1st LO equals 250.1 











----{) 200 MHz 


Fig. 10—With a restore mode feature, the TG outputs the center frequency of a signal response as long as the analyzer’s 


marker is tuned somewhere on the skirt of the response. 
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Avoid tracking errors 


Error in frequency measurement is the sum of 
counter error (usually +1 digit), source-residual 
FM and tracking error. The tracking error compo- 
nent is the difference between the output fre- 
quency of the TG and the tune frequency of the 
SA. It results from the generator’s incomplete 
duplication of the analyzer’s conversion process, 
and causes both frequency-measurement error 
and a shift in the position of a swept response on 
the analyzer’s CRT. 

Two methods can overcome tracking error. 
One is to connect the TG output directly to the SA 
input; then turn the ‘‘tracking adjustment” on the 
front panel of the tracking generator until the 
response amplitude of the TG’s internal local 
oscillator, as displayed by the SA’s CRT, peaks. 

Another method uses a beat technique (Fig. 9). 
This procedure combines the tracking signal with 
the signal to be measured, resulting in an easily 
discernible beat. You expand the display and tune 
to the center of the beat, at which time the source 
frequency is counted. 


Restore mode reduces the human factor 


One additional feature, a restore mode (Fig. 
10), appears on the HP 8443A. This restore mode 
reduces operator tuning error. It allows the 
tracking generator to output the center frequency 
of a signal response, even if the spectrum 
analyzer’s marker is tuned to a point on the skirt 
of the response. The restore mode achieves this 
by using the final IF of the SA rather than its 
internal local oscillator as the starting point of the 
up-conversion process. 

The tracking generator has become a very 
useful addition to spectrum-analysis instrumenta- 
tion, but it, too, has its limitations. TG’s can be 
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built commercially up to 2 GHz; after that, 
complications occur: Above 2 GHz, making a TG 
involves phase-locking a sweep oscillator to the 
analyzer’s IF and requires an external reference 
oscillator plus a phase-lock synchronizer. A fair 
amount of tweaking is also needed, but you can 
make 2 CHz scan to 18 GHz with typically a 45-dB 
measurement range. 


Reference 


1. Application Note 150-3, “Swept Frequency Meas- 
urements and Selective Frequency Counting with a 
Tracking Generator,’’ Hewlett-Packard. (Available by 
writing directly to HP at 1501 Page Mill Rd., Palo Alto, 
CA 94304, or circling reader service number 320 .) 


Author’s biography _ 
Peter Linden, Hewlett- 
Packard spectrum-analy- 
zer marketing engineer in 
Santa Rosa, CA, is in- 
volved with applications 
engineering and_ prod- 
uct-line management. 
Pete received his BSEE 
and MBA from Stanford 
University, and spends 
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ness, reading classical literature and pursuing cre- 
ative photography and painting. 
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extraordinary... 


Here's a miniature 3% digit portable multimeter that delivers 
extraordinary performance and value for only $189. 


( DATA PRECISION 





Data Precision proudly presents a 
0.1% accuracy multimeter that brings 
the same high performance and value 
to 3% digit portable instruments 

that our Model 245 brought to 4% 
digit multimeters. The same levels 

of reliability, the same small size, the 
same great convenience and flexi- 
bility. The Model 175 has it all... and 
more for just $189.00.* 


High performance 
The Model 175 gives you 32 ranges of 


measurement capability, six func- 
tions, 0.1% DCV accuracy guaranteed 
for one year, and 100 microvolts 
resolution. You can measure DCV 
from +100 microvolts to £1000V, 
ACV from 100 microvolts to 500V 
with a frequency response of 30Hz 

to 50kHz, DC Current from +100 
nanoAmps to +2A, AC Current from 
100 nanoAmps to 2A with a frequency 
response of 30Hz to 50kHz, Resist- 
ance from 100 milliohms to 20 
Megohms in two excitation voltages. 


Real miniature portability 


Here is true miniature portability 
that delivers lab performance wher- 
ever you take it. And you can take it 
anywhere. The 175 operates from AC 
line, or rechargeable NiCad batteries 
for 6 hours of in-spec operation. 
Add this to the remarkably small size 
13%4"H x 544"W x 32"D, 34 cu. in., 
weight 22 oz. (4.45 x 13.97 x 8.89cm, 
552cc, .63kg.) exceptional operatin 
temperature characteristics, rugge 
construction...and you can see 

that this is real portability. 





Right at home in the lab 


Connect the 175 to an AC line and 
ou have a great bench instrument. 
t’s always recharging when line 
connected and ready to go into the 
field whenever you need it. 
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And the Model 175 
gives you a lot more. 


° bay to Read, Big, Bright Display: 
0.43” LED display for easy reading in 
cht light. 


dim light or bri 





¢ Hi/Lo Resistance Measurement: 
Measure resistance in two modes. 
Hi excitation 2.5V (exceeds semi- 
conductor forward threshold) and 
Lo excitation 300mV (below silicon 
junction threshold), for in-circuit 
resistance measurement without 
turning on semiconductor junction. 
No need to unsolder resistor. 


e Automatic Zero: TriPhasic™ con- 
version eliminates need for any front 
panel zero control. 


¢ Tells You When To Recharge: 
Blinking decimal point advises up to 
10 minutes in-spec battery operation 
remaining. 


¢ Overload Protected: It’s forgiving. 
All DCV ranges can take +1000V, 

all ACV ranges to 500V, all resistance 
ranges =P to 250V. .. continuously — 
without loss of calibration or dam- 
age to the instrument. Current ranges 
are protected by 2A fuse easily 
accessible in a test lead. 


k Q (Hi V) 
kQ(Lo Vv) 


DCmA 
ACmA 





*Price U.S.A. 


bo a A ROA OREO SNORE Ec ements ihe 


Actual size, front view. 





even for Data Precision. 


And Much More: Auto Polarity, 100% 
verrange, Overload Indication, 
nternal DC and AC Current Shunts, 
SI/CMOS Reliability, Exceptional 
-ommon and Normal Mode Rejec- 
ion, Complete Documentation 
ncluding NBS traceability and 
ndividually calibrated data sheet. 
ximple and precise calibration. 


You get a complete package. 





iverything you need to use the 175 

s supplied with the instrument. 
Nothing else to buy. No extra costs. 
‘tandard accessories include the 
echargeable NiCad battery module, 
ine cord with recharger, a pair of 
used test leads, alligator clips, 
arrying case and documentation. 


Jptional accessories 
hat make the Model 





ligh voltage probe, AC current 
lamp, pedestal stand, rack mount, 
eluxe leather case and mini- to- 
tandard banana adaptor. 





The competition just isn’t competitive 


The Model 175 is an extraordinary value offering the performance, size 
and price you want. Judge for yourself. The following is a comparison 


based upon manufacturers’ data. 


Data 

Precision Hp HP Fluke 

Model 175 3435 3176B 8000A 
Digits 3¥2 3¥2 3%2 3%2 
Size 34 cu. in. 395 cu. in. 123 cu. in. 212.5 cu. in. 
Display Size 0.43” LED 0.30” LED 0.25” LED 0.25" LED 
Basic pckeny | 0.1% 0.1% 0.3% 0.1% 
for 1 Year +1 Digit 
DCV Sensitivity 100uV 100nV 100.V 100 nV 
AC Frequency 30Hz-50kHz 30Hz-100kHz 45Hz-10kHz 45Hz-20kHz 
Response 
Functions 6 5 5 5 
Ranges 32 ag 19 26 
Hi/Lo Excitation Yes No No No 
Calibration 1 year 1 year 1 year 1 year 
Accuracy 
Guaranteed re 
Overrange 100% 100% 10% 100% 100% 
Ranging Manual Manual & Auto Manual 

Auto (except 
current) 
Rechargeable Yes Yes Yes Optional 
($50.00) 

Recharges Yes Yes No Optional 
Batteries 
While 
Operating 
Full Scale 100 millivolts | 220-400 100 100 
Voltage Drop (EIASTANDARD) millivolts millivolts millivolts 
Measuring 
Current 
Price With $189.00 $400.00 $275.00 $349.00 
Batteries 
*with true RMS 


All Model 175 specifications are cov- 
ered by a one year warranty. Service 
is available from our worldwide 
service centers. 


For complete information or 
a demonstration, contact your local 
Data Precision representative or 
Data Precision Corporation, 
Audubon Road, Wakefield, MA. 
01880, (617) 246-1600. TELEX (0650) 
949341. 


lEDATA PRECISION 
... years ahead 


For additional information, Circle No. 29 
For demonstration, Circle No. 30 


Fluke 
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69.8 cu. in 
0.33” LED 
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Test your 
data-acquisition system IQ 


Although you're familiar with multiplexers, sample/hold’s and A/D’s, 
could you apply a DAS module to build a system that works? 


Fred Molinari and Aaron Fishman, Data Translation, Inc. 


An evolutionary product, the data-acquisition 
system (DAS) module combines a multiplexer, 
differential amplifier, sample/hold amplifier, A/D 
amplifier and timing and control circuitry (Figs. 1 
and 2). It performs the same function that 
previously required an array of modules and IC’s, 
plus numerous external active and passive com- 
ponents and a pc board. Although each element 
in the DAS module still has its own characteris- 
tics, the manufacturer optimizes the performance 
mix for the overall data-acquisition function, thus 
giving users a new set of application parameters 
to consider. 

The questions in this quiz reflect the most 
common DAS queries received by our application 


Before turning you loose on the questions, 
however, we point out that this is an open-book 
learning experience. Therefore, a list of referenc- 
es appears at the end of this test. The answers 
themselves, complete with explanations, appear 
on pgs.83- 84. 


Pencils ready? Begin! 


1. The input impedance of most data-acquisition 
modules is > 100 MQ in parallel with 20 pF to 
ground. What maximum source impedance can 
be used while still maintaining 12-bit accuracy, 
assuming a system throughput of 100,000 chan- 
nels/sec? 


engineers. We make no bones about it—these a. 100 MQ 
questions are tough! To score well you must b. 50MQ 
know the details of the data-acquisition function, a Ske 
as well as have some knowledge of the applica- 
tion of DAS modules to microcomputers. d. 100 kQ 
DIFF.AMP. —DIFF. AMP END OF 
HIGH INPUT OUTPUT OCONVERSION 
(MUX OUTPUT) —_—_(S/H INPUT) (EOC) 
—  & C) 
a SAMPLE/HOLD ny 
& 
A Liao DIFFERENTIAL AME EE 6 
r 7 AMPLIFIER 2 
ANPUTS. MU CONVERTER BUFFER OUTPUT 





MUX 
noone nana 
REGISTER 


@ 
A/D 
TRIGGER 


& 
DIFF. AMP. 
LOW INPUT 


& 
START 


a 


8 & 
BYTE, 8YTE, 
ENABLE ENABLE 


Fig. 1—A typical DAS module contains many elements. Most designers building a data-acquisition system from individual building 


blocks tend to overspecify the components to be on the ‘‘safe”’ 


side. DAS-module manufacturers, considering the overall 


acquisition function and knowing the possible trade-offs, produce plug-in systems that usually cost less. 
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Fig. 2—A differential multiplexer configuration is requirec if 
small signals must be measured in the presence of commecn- 
mode voltages. However, most DAS modules give the user the 
option of switching to single-ended operations (see Fig. 3 and 
Quest. 2). 








Fig. 3—If your signal sources can operate as single-ended, you 
can double the number of input channels on most DAS 
modules. However, what is the best way to connect the Icw 
side of the differential amplifier? 


2. When a data-acquisition module is configured 
for single-ended input channels (Fig. 3), can the 
front end still reject common-mode voltages? 


a. No, because the differential-amplifier low 
side is grounded 7 

b. Yes, but all signal-source commons must 
tie to the differential amplifier’s low input 

c. Yes, but all signal-source commons must 
be tied together 

d. All of the above 


3. A 12-bit data-acquisition module has a 100-kHz 
throughput and a +10V input range. What 
maximum-input slew rate can it digitize to 12-bit 


accuracy? 
a. 0.488 mV/psec 
b. 1V/psec 
c. 4.88 mV/psec 
d. 10 V/ysec 


4. To provide the user with a wider input-voltage 
range, DAS-module manufacturers often add a 
switchable-gain amplifier to the front end. Where 
is the best place to add this amplifier to maintain 
system accuracy? 
a. Between the S/H output and the A/D input 
b. Between the differential-amplifier output 
and the S/H input 
c. Between the multiplexer output and the 
differential-amplifier input 
d. None of the above 


5. When does the sample/hold actually switch the 
HOLD mode in a DAS module? 

When switching to a new channel 

At the end of a conversion 

When the A/D converter is triggered 

From 20 to 230 nsec after the A/D is 
triggered 


a0 78 


6. If a given data-acquisition module has a 
throughput of 100,000 channels/sec, how can a 
greater throughput be attained? 
a. By lowering the resolution of the A/D 
b. By sampling the next channel during the 
conversion of the previous channel 
c. By speeding up the A/D clock and lowering 
the sample period 
d. All of the above 


7. Data-acquisition modules usually have 3-state 
outputs for direct connection to wC busses. 
However, how can a 12-bit DAS module be 
connected to an 8-bit wC, such as the 8080A or the 
68002 
a. It can’t. You must use a 16-bit uC like the 
IMP/PACE, the 9900, the LSI-11 or the 
microNova 
b. No problem, you need only a storage 
register to hold the extra four bits while the 
first eight bits are entered into memory 
c. Simply by enabling the first byte for bits 
5-12 (LSB) for the first instruction of the 
2-word transfer; then enabling the second 
byte for bits 1-4 (MSB) 
d. You need two pC chips tied in a multi- 
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processor arrangement to handle eight and 

four bits, respectively 
8. Let’s assume you are interfacing a data- 
acquisition system module to the 8080A »C, but 
you are undecided about the design of the 
interface. Your system is real-time with several 
other peripherals, including discs and a teletype. 
Which interface design should you use? 


 . | ga a. Program control 
| : | . Interrupt 
| | c. Memory map without interrupt 
d. None of the above 


Dialight 


INDICATOR LIGHTS 


The widest choice for your every application. 
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9. You have a 12-bit data-acquisition system 
module interfaced to an 8-bit microcomputer. 
The wC takes an average of 3 psec to execute a 
memory or an I/O instruction, while the DAS 
module specs a throughput time of 10 psec. What 
is the throughput time of the analog-input 
system? (Assume that channel selection and start 
conversion are accomplished with one 1/O in- 


C—O | struction and that one instruction also accom- 
ee 3 pee Ss : plishes a test for A/D DONE. We define through- 
 # @#2&©#57»”=SCCCC ~~~. | put time here as the time needed to get data from 
——rrr—SC—*e™—“stsSs—sSSSCsés~SCS-_—=-_—CT_‘ 'tthe DAS module to memory.) 
fo . 100 psec 
C. 56 psec 
. 10 psec 


Ae 
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10. You can buy a 12-bit DAS module with 3-state 
outputs and 16-channel (differential) capability 
for $175. However, assume you need 64 channels 
total to digitize the 64 sensors in your system. An 
expander module offering 48 additional inputs 
can be purchased for $450. Which workable 
approach proves the most cost-effective? 

a. Use four DAS modules and bus the 3-state 

outputs together 


b. Use one DAS module with an expander 
choice in switches, LEDs, indicator lights module : 


and readouts, looks for needs . . . your . 

needs ... and then they develop solutions - Neither approach is recommended. 2 
for your every application. No other com- . 

pany offers you one-stop shopping in all 
these product areas. And no other com- 
pany has more experience in the visual 
display field. Dialight helps you do more 
with these products than any other company in the 
business, because we are specialists that have done 
more with them. Talk to the specialists at Dialight first. 
You won’t have to talk to 

anyone else. Send for your DIA LIGHT 
free new Copy of Dialight’s Dialight, A North American Philips Company 
current catalog. a erent 


ee Dialight 


For more information, Circle No. 31 
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TRW/Cinch 
DIP sockets 





Don't let the small size and low cost fool you. Thes2 
low profile DIP sockets are first string all the way. 
The unique TRW/Cinch design incorporates many 
features previously available only in larger more ex- 
pensive sockets, resulting in improved performanc=2 
and reduced assembly costs. With a height of only 
0.150”, these low-profile sockets are high scorers 
with a high tensile strength contact material that 
provides 16 ounce min. contact retention force, 
pointed terminal tips for easy PC insertion, gener- 
ous lead-in dimensions and tapered socket entry 
to align bent DIP leads during automatic insertion 


Center slots with cross bars permit air flow under 
the DIP for more efficient cooling, and the glass 





low profile 


fiber filled 94V-0, U.L. rated insulator allows operat- 
ing temperatures from—40° C to+75° C. The sock- 
ets also feature recessed ends for ample removal 
tool clearance and stand-off bosses for rapid flush- 
ing of flux residue. 


TRW/Cinch low profile DIP sockets are available in 
8, 14, 16, 18, 22, 24 and 40 contact sizes. And a full 
bench of other sizes will be developed when the 
need arises. For fast team action, contact your local 
TRW/Cinch distributor, or TRW/Cinch Connectors, 
an Electronic Components Division of TRW Inc.., 
1501 Morse Avenue, Elk Grove Village, Illinois 
60007; Phone: (312) 439-8800. CC-7617 


TRW cincu connectors 





ANOTHER PRODUCT OF A COMPANY, CALLED TRW 


For more information, Circle No. 
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Stretch your test instrument budge 
B&K-PRECISIO 


Does a scope always have to be expensive fo 
meet your needs? At B&K-PRECISION we dont 
think so. B&K-PRECISION offers a full line of scopes 
iatel me] \icm cele Min=m ex-iscelinarelares-melace miele l(a 
VZolUlal=i=1emne| mie] esifelalire] meres) savings...plus the 
foo Zelaicele(-mesmlaniant-xellencmel-1ihA-1Aymel ale me eleny 
iccy-midce) minicolere lam rexere] meltiiaelelfe) ec) 





- nse, 
effective, approach to oscilloscope design. All 
our scopes will trigger at frequencies typically 
50 to 100% beyond their rated band-width. They 
are rugged, dependable instruments, designed 
to match the features and performance of far 
more expensive scopes, without matching their 
high price. An important part of our approach 
is that you shouldn't have to buy more scope 
than you need to get the features you want. 
Before making your next purchase, compare 
the features and performance you require with 
what we have to offer. You'll discover that your 
budget is a lot bigger than you first thought! 


30MHz Dual-Trace 5” 

Triggered Scope 

with Signal Delay 

For the engineer who requires a full-feature 30MHz scope 


- Built-in signal delay line permits viewing of high-frequency 
pulse risetimes 


* Triggers on signals up to SOMHz 

- Rise time 11.7nS 

- 20 calibrated sweeps — 0.2 uS/cm-0.5S/cm 
¢ Built-in high and low-pass filters 

- 5mV/cm vertical sensitivity 

¢ Illuminated graticule 

- TIL compatible intensity modulation 

- X-Y capability using matched DC amplifiers 
« P31 blue phosphor 

- Internal .5Vp-p +1% calibration source 

¢ 5mV/cm horizontal sensitivity. 


Model 1474 $820 (not including probes) 





om allelsueliiec—e 


45MHz Dual-Trace 5” 
Triggered Scope 


Premium features and performance in a 15MHz dual- 
trace scope 


- Ultra — flat in-band response with smooth rolloff past15MHz 

- Triggers beyond 27MHz 

¢ 24nS risetime 

- 19 calibrated sweeps—.5 wS/cm-0.5S/cm 

© 40mV/cm vertical sensitivity 

- Algebraic addition and subtraction 

¢ Illuminated graticule 

- X-Y capability using matched DC amplifiers 

¢ P31 blue phosphor 

¢ Internal calibration source 

¢ Built-in TV sync separator 

- For fast setup, mode automatically shifts between 
CHOP and ALTERNATE as you change sweep times. 


Model 1472C $630 (not including probes) 


Liakelelmsiccuevallarem cele lasreare(e](o am 
oh Me lame (dares 
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40MHz Dual-Trace 5” 
Triggered Scope 


Our lowest-cost dual-trace scope more 
than fills the need in applications 
where extended bandwidth isn’t required 


Triggers to 15MHz 


Mode automatically shifts between CHOP 
and ALTERNATE as sweep time is changed 


18 calibrated sweeps—1 uS/cm-0.5S/cm 
35nS risetime 
P31 phosphor 


X-Y capability using matched 
DC amplifiers 


Internal calibration source 
TIL compatible intensity modulation 
140mV/cm vertical sensitivity 


Model 1471B $495 


(not including probes) 


40MHz 5” Triggered-Sweep Scope 
A 5" triggered scope with TTL compatible 
Z-axis 

°40mV/cm vertical sensitivity 

¢ 35nS risetime 


- 18 calibrated sweep ranges— 
1 uS/cm-0.5S/cm 


- 5x magnification sweeps to .2 uS/cm 
- Vectorscope capability 

¢ Internal calibration source 

- Internal TV syne separator 

¢ P31 phosphor 


- 1-position vertical attenuator, 
calibrated in convenient 
1/2/5 step sequence 


¢ Built-in calibraton source. 


Model 1461 $428 


(not including probe) 






40MHz 3” Triggered-Sweep Scope 


Meets the demands for an uncompromising 
ultra-compact triggered-sweep scope 


49 accurate sweep ranges 

Accurate 11-position vertical attenuator 
40MV/div vertical sensitivity 

Front panel vectorscope capability 
Internal calibration source 

Only 5.75 x 7.9 x 12.9 » Weighs only 13 Ibs 
Capable of writing speeds up to 0.1 
uS/div with 5x magnification. 


Model 1431 $399 


(not including probe) 


5MHz 3” Compact Scope 


Ideal for many dedicated applications, 
freeing more expensive scopes from 
monitoring tasks 


¢ 10mV/div vertical sensitivity 
¢ Direct deflection terminals for 
waveform display to 450MHz 
- Only 6x 7.5 x 12” * Weighs just 8.5 Ibs 
« 600 Vp-p maximum input voltage 
* Can be externally synced. 


Model 1403A $209 


(not including probe) 


: Save up to 50% on probes! 


B&K-PRECISION has engineered a full line of cost-effective probes to 
meet your needs. Our probes are designed for complete diercharoe- 
ability with those of leading “ultra-sophisticated” brands, giving you" 

- compatible performance at about half the price. 


FOR IMMEDIATE DELIV ERY, 
orio- -day free trial, contact your local B&K-PRECISION distributor. Ask him for 
Catalog BK-77 with complete information on B&K-PRECISION oscilloscopes, 


probes and more than = other fine instruments, or Cone us directly. 








For more information, Circle No. 33 
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6460 W. Cortland AvOnie, ae IL 60635 312/889-9087 _ 





If you’re working RF linear: 
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New TRW RF catalog tells all! 


This valuable booklet covers hybrids and dis- 
cretes for RF linear applications from microwatts 
to kilowatts of output from 1MHz to 4GHz. 


You’ll find complete product specs, application 
block diagrams, reliability criteria and a good 
measure of advanced theory. 


And it’s yours, FREE. To get your personal copy, 
use the coupon or bingo number below—or call 
Warren Gould at (213) 679-4561. 


ET THIS! 


—— oe oe ee ee ee eee ee ee ee eee oy 





TRW RF Semiconductors 
An Electronic Components Division of TRW, Inc. 
14520 Aviation Boulevard, Lawndale, California 90260 


Please send me your new RF Linear catalog. 
Name 
Company Name 


Address 


TRW ere semiconpuctors 


ANOTHER PRODUCT OF A COMPANY CALLED TRW 
For more information, Circle No. 34 





EDN NOVEMBER 5, 1976 





Filter chokes and linear inductors— 
the design rules differ 


Linear-inductor design emphasizes inductance stability; but design 
for power-supply filter chokes may call for variable inductance. 


Robert Miller, Bourns, Inc.; Dr. A. Kusko and Thorleif Knutrud, Alexander Kusko, Inc. 


Because input filter chokes help reduce stresses 
on associated components, they play a part in 
many power-supply designs: Their use avoids the 
excessive peak currents typical of capacitor-input 
filters, easing the job of the power transformer, 
rectifier and filter capacitor. 

Selection of an input filter choke is a straight- 
forward process. Three parameters must be 
known and specified—the dc winding resistan<e, 
the dc current and the inductance. Choke size 
automatically follows, with little room available 
for trade-offs. 


Specifying an input filter choke 

In Fig. 1, the allowable voltage drop sets the 
choke resistance, R, at max. current, I. For 
miniature chokes, the L/R ratio typically lies in the 
range from 0.02 to 0.2; while for microminiature 
chokes, a ratio of 0.002 to 0.02 is more common. 
Winding resistance and voltage drop can be 
traded off against size, but additional voltzege 
drop in the choke calls for increased transformer 
voltage and size, and requires greater regulator 
range in the power supply. 

Choke inductance, L, should be selected to 
maintain continuous current at the min. dc choke 
current, I,. For currents less than I,, the capacitor 
voltage will rise toward the peak ac value as 





Fig. 1—In a choke-input filter, the choke cushions associated 
components from excessive peak currents. 








Fig. 2—Filter-capacitor voltage, as shown, varies as a function 
of choke current. Note the rise when conduction occurs for 
<100% of the time. 


shown in Fig. 2, while for currents greater than I,, 
Capacitor voltage follows the IR drop of the choke 
and transformer windings. 

V‘4, the average rectifier voltage, is expressed 
by: V‘g = Va + IaR. Fig. 3 shows the choke-current 
waveform at |,, the point at which conduction 
becomes continuous. Here the peak ripple cur- 
rent, mainly second harmonic, equals |,. By 
equating these two currents, the min. inductance 
can be calculated as: L = 0.67V‘q/2w,l,. 

The filter-capacitor/input-choke combination 
attenuates the ripple voltage. Capacitor reactance 
at the second harmonic is usually <0.1 of the 
apparent load resistance, and <0.01 of the choke 
reactance. Consequently, the attenuated peak- 
ripple voltage ~0.67V‘aX./X, = 0.67V‘q/4w,°LC. 

Increasing the capacitance to reduce ripple 


voltage has a practical limit. Beyond that point, 


the resistance of the capacitor becomes signifi- 
cant. One result of appreciable capacitor resis- 
tance is that ripple current can cause overheating. 
Obviously, though, L and C can be larger than the 
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Fig. 3—Choke current is shown at the onset of continuous 
conduction. Here the peak ripple equals |,. 


calculated values. Both can be traded off to allow 
the use of standard sizes and achieve best overall 
performance and cost. 


Input-choke design considerations 


Basically, an input choke consists of a magnetic 
core with air gaps and a winding. The choke 
inductance opposes ripple, while the dc passes 
through without attenuation except for the IR 
drop. Air gaps counter dc ampere turns, and are 
selected to bias the core up to about 15 kG at 
max. load current, Iq. 

Absorption of the ac ripple voltage by the 
choke produces in the core an ac component of 
flux density with an amplitude up to a few 
kilogauss, superimposed on the dc level. The 
choke should be designed with the least material 
that will satisfy the requirements of L, R and |q. 

Inductance, expressed in English units, is given 
by L = 3.19N?A,x10 */(lz + I-/uwA)H, where N = 
turns; Ag = gap area; |, = gap length; |, = core 
length; pA = incremental relative permeability. 





Fig. 4—Choke characteristics displayed are for two sizes of 
cores employing square-section E-1 laminations. 
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Reducing the gap, l|,, allows the bias flux 
density to rise and the incremental permeability, 
wA, to decline; and the choke finally reaches a 
max. inductance for the core. The selection of the 
core actually sets an energy value of 1I,’L for a 
given time constant, L/R. The designer then 
selects the turns, N, and the gap, |,, to obtain 
specific values of L, Ig, and R. 


we 


Two core sizes—two sets of capabilities 


Fig. 4 shows the interaction of the parameters 
for two core sizes of miniature chokes. To move 
on the chart, the designer varies the gap dimen- 
sion, current loading of the wire, and/or turns. 
The same core can be applied over a 10:1 range of 
energy by accepting a 1:10 range of resistance 
and corresponding temperature rise. It is impor- 
tant to tie down the design by specifying all three 
parameters, as the curves show. i 

When a choke is miniaturized, the energy Iq7L 
at a given L/R is proportional to the core volume. 
Core volume of the El-21 in Fig. 4 is about half that 
of the El-625, so the El-21 can provide about half 
of the 14?L. For a specification of two parameters, 
lg and L, or |,?L, the designer can miniaturize the 
choke only by accepting a higher R. 


or 


oo : oe. 


Fig 
on a choke than input-filter usage. This is illustrated by the 
equivalent circut (a), and voltage/current waveforms (b). 


A “swinging” choke can reduce size and cost 
when operating over a wide current range 
becomes necessary. This approach provides the 
inductance, L, needed for continuous conduction 
at min. load current, |,. However, the core is 
allowed to saturate when the max. load current, 
la, is approached, causing »A and the inductance 
to decline. Increasing the filter capacitance, 
and/or an assist from the regulator, secures 
adequate ripple attenuation. 


Linear inductors—a different breed 


Linear inductors provide the stability required 
for filter and tuned-circuit applications. Practical 
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linear-inductor designs must take into account 
the required inductance, operating frequency, 
desired Q and allowable temperature coefficient. 
Other factors such as the voltage coefficient may 
be important for some uses. 

Usually, the core material and physical size of 
the inductor are selected to provide the desired 
characteristics. Laminations are customarily used 
up to about 10 kHz; powdered moly-permalloy 
cores, from 1 kHz to 1 MHz; and ferrite cor2s, 
from about 100 kHz to 50 MHz. 


As a general rule 


A linear inductor (except one with an air core) 
consists of a winding placed on an air-gapped 
ferromagnetic or ferrimagnetic core. 

All such inductors exhibit max. Q at some 
frequency, fyax, and good design dictates that the 
designer will try to have this coincide with the 
operating frequency. 

As depicted in Fig. 6, each downslope from the 
max. Q is the result of a different type of loss. The 
ascending portion is caused by the winding- 
resistance effect (expressed by wL/R,,), while the 
descending portion results from the core loss 
(R-/wL). The min. value of Qyax, fuax, inductance, 


Filter-choke examples 

Example 1: 60-Hz line, F.W. rectifier 

For the filter of Fig. 1, select the input choke 
and filter capacitor to meet the following 
requirements: Vg = 15V; Iq = 0.02 to 0.2A; [aR 
= 2V, max.; and 120-Hz ripple = 100 mV peak. 

Choke inductance must at least equal the 
value determined by: L = 0.67 V‘4/2,l, = 
0.67 X 17/2377 x0.02 = 750 mH. 

Resistance must not exceed: R = I[,R/Iq = 
2/0.2 = 1022. From these, we see that the L/R 
ratio is 0.075 and the I,7L is 0.03. 

As Fig. 4 shows, the requirement can be met 
with an El-625 structure and a total air gap of 
3.5 mils. Calculations show that N = 600 tur1s 
of No. 27 wire. 

Capacitor size for the specified ripple is 
given by: C = 0.67 V‘4/4,"Lx (ripple volts) = 
0.67X17/(4X 3777X0.75X0.1) = 268 pF. 


Example 2: Choke size vs. circuit 


Compare the choke size for full-wave vs. 
half-wave 400-Hz single-phase rectifier ar- 
cuits. Assume V, = 5V; Iq = 0.15 to 1.0A; and 
IgR = 1.0V. 

For full-wave rectification: L = 0.67 V‘q/2,I, 
= 0.676/2« 24x 4000.15 = 5.3 mH: 1,-l = 
0.005: R = IgR/lg = 12; and L/R = 0.005. A 
typical commercial bulletin shows that suck a 








Fig. 6—Linear-inductor Q generally exhibits a frequency 
characteristic determined by winding resistance and core loss. 


and other requirements must be specified. Induc- 
tors are either wound on bobbins that are placed 
on laminated-steel or ferrite-pot cores, or directly 
on powdered-iron ring cores. Actual or equiva- 
lent (powdered-iron) air gaps are provided to (1) 
insure linearity; i.e., maintain constant induc- 
tance as current through the inductor varies; (2) 
minimize inductance changes that result from 
variation of material permeability with tempera- 


choke will have overall dimensions of about 
1<1x05 in., or 0.5 ine. 

For half-wave rectification: L = 2V‘q/a le 
2x 6/27 400X0.15 = 38 mH; I,7L = 0.038; R = 
192; and L/R = 0.038. Fig. 4 indicates choke 
dimensions of about 1.5X1.25X1.25 in., or 2.34 
in.’—five times larger than for full-wave. 





Example 3: Choke for switching regulator 

Fig. 5a shows the equivalent circuit of a 
power-supply series switching regulator. The 
switch (usually a transistor) operates at some 
frequency, f, with the ON and OFF times (ton 
and torr) adjusted to regulate the output 
voltage, V., to a required value in the face of 
input voltage (V,) variation. | 

Typical current and voltage waveforms are 
given in Fig. 5b. Find the required choke 
inductance, L, for V, = 12 to 16V; V. = 10V, f = 
10 kHz, lave = 1A and Iyax = 1.1A. 

Current rise during the ON time is given by: 
(Vax —Ve) Xton/L = Imax —IMin = 2(Imax — lave)- 
ON time is related to the period t, by toy/t, = tuf 
= V,/V,. The value of L thus equals: L = (Vax 
— V,) V./2fV; (Imax — lave) = (16-10) 10/216 
(1.1-1.0) x 104 = 1.88 mH. Ripple require- 
ments of the load voltage determine which 
value of C to use. 
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Fig. 7—Powdered-iron core inductors cover wide ranges of 
both frequency and max. Q, with particle size a major 
controlling factor. 


ture, time and manufacturing; and (3) provide a 
means for adjusting the inductance. 

Practically any desired inductance can be ob- 
tained with a given core and its air gap by winding 
the required number of turns of a suitably sized 
wire into the winding space. However, the larger 
the air gap is made in the interest of stability, the 
more turns will be required for a given induc- 
tance, and the lower will be Qyax. 

The parameters Qyax and fyax for inductors on 
powdered moly-permalloy cores from 0.14- to 
0.80-in. outside diameter (o.d.) are shown in Fig. 
7. Qmax rises linearly with o.d. and is practically 
independent of particle size (air gap). fax 
declines as 1/o.d., and depends on particle size. 
The larger the particles, the greater the specific 
core loss, and the lower the value of fyax. Note 
that the turns act like a scale factor on the 
inductance, L, without affecting the Qyax and 
fuax Of a specific core. 

Ferrite-core inductors typically cover the induc- 





Fig. 8—A typical ferrite cup-core inductor (26-mm o.d.; 1800 
u.) exhibits the frequency behavior shown. 
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tance and frequency span with 12 sizes of cup 
cores. These range from 7- to 66-mm o.d., and are 
made from materials with permeability factor, p, 
between 125 and 2300. Fig. 8 shows the Q vs. f of a 
26-mm o.d. core inductor for a range of turns that 
fills the winding space. Qyax and fya4x decrease as 
the inductance and number of turns increase 
(because of winding capacitance). 

Ferrite-core inductors are slug-tunable, less 
expensive to manufacture and less temperature- 
stable than powdered-iron core inductors. How- 
ever, ferrites are available for higher frequencies 
of operation than the ferromagnetic type. 


Ferromagnetic-inductor characteristics 


Fig. 9a shows a circuit model for a ferromagnet- 
ic inductor, consisting of the winding resistance, 
Rw, the core-loss resistance, Rc, and the induc- 
tance, L. This model is reasonably accurate for 
variations of current and frequency. The core loss 





Fig. 9—Ferromagnetic inductors can be modeled as in (a); 
and, for one operating condition, the series and parallel 
equivalents shown in (b) are valid. 


varies as f*By?, corresponding to eddy-current 
loss. Actual core losses consist of the sum of 
hysteresis, eddy current, and gap losses. 

At any one operating condition, the inductor 
can be represented by parallel or series equiva- 
lent circuits (Fig. 9b). The designer can derive 
equivalent-circuit parameters from the parame- 
ters of the model, by the test of the actual 
inductor and by calculation from the design. 

The Q is defined as wl¢./Rs or Rp/wLp, where Rg 
and Rp include the effect of both winding and 
core loss. In terms of the circuit model (a) of Fig. 
9, 1/Q = Ry/wLl +oL/R, = 1/Qw + 1/Qc, where Qw 
represents the ‘‘winding’”’ component and Qc, the 
‘“‘core’’ component. 

In the low-frequency region of Fig. 6, the 
winding resistance, Rw, dominates and the induc- 
tor behaves as Qw. In the high-frequency region, 
the core loss, Rc, dominates and the inductor 
behaves as Qc. Qmuax occurs at fyax where the Q 
components are equal (27fyax =V/ RwRc/L), and is 
1/2 of either value. 
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Linear-inductor examples : 
Exam pre 1: PF iowde _. 


core with se “i / 
mH/1000t, oe = 7 







curves in Fig. 7 
inductor will use a 







ty core. In this case, the 
factor, Ay, = 7. 8 mH/1000t, andN _ 
= 10° 6.5/7.8 = 915t. Quax = 150, and fur 
= 60 kHz, kHz taking” into account the » 25-pE 





i - 400 kHz). : 


For a given ferromagnetic core material, the 
upper-frequency (descending) part of the Q 
curve of Fig. 6 is independent of the size 
(geometry), but dependent upon the material. In 





FREQUENCY (fy 


Fig. 10—Ferromagnetic-inductor Q desendi on 1 both core e and 
winding losses, shown here for variation of | from 1 to 0.1. 








Fig. 11—Ferrite-core inductors can be represented by this 
simplified equivalent circuit. 


the lower-frequency (ascending) part, the curve 
depends upon the winding resistance and the 
Qy~l? (I = linear dimension). As the inductor 
size is reduced, (I < 1), the Q curves behave as 
shown in Fig. 10; Quax decreases as |, while fyax 
increases as 1/I. For thicker laminations or lossier 
core material, the descending (Q,) part of the 
curve moves to the left. 


Ferrite inductor Q 


For ferrite inductors, Q can be expressed as 
1/Q= ¥tan6d where 6 represents the individual 
loss angles between B and H in the core 
(representing dc winding resistance, eddy cur- 
rents in the wire, dielectric losses and core 
losses). 

A simplified equivalent circuit is shown in Fig. 
11, where C represents the interwinding capaci- 
tance. The Q is approximately wl/R (1—?/w,”), 
where wo, is the resonant frequency of the 
inductor. The Q will become zero when w =o. 

As a given core is wound with more turns of 
smaller wire to increase inductance, the resonant 
frequency, @,, is reduced and the Q curves shift 
as shown in Fig. 8. This same phenomenon occurs 
in large, high-inductance, powdered-iron induc- 
tors. The winding resistance primarily governs the 
ascending part of the Q curves, which falls on a 
common locus. 0 
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Choosing a meter relay is a lot like choosing a panel meter 
except that you must evaluate how well it controls in addition 
to how well it measures. These seven basic steps help you 
do both . . .and come up with the meter relay or pyrometer 


that will work best with your product. 


Define exactly what you want 
to control and measure. 


1 


Meter relays will indicate and control 
any variable that can be translated into 
electrical values. Some are handled 
directly: temperature . . . dc microamps, 
milliamps, amps, millivolts and volts... 


ac microamps, milliamps, amps and volts. 


Some must use transducers: watts, vars, 
frequency, power factor and tempera- 
ture. It’s important that you zero in on 
your parameter immediately. 


2s 


noe: that its size cae styling are to your 
liking and 
match your 
other meters. 


Make sure the meter relay will 
fit your panel specs. 





Find out what the loading effect 
will be on your product. 


3 


ANSI specs pretty well dictate these 
guidelines. But check them yourself. 
Make sure the terminal resistance of 
your dc instrument, or the burden data 
of your ac instrument, won't overburden 
your circuit. 


Check the construction of its 
indicator setpoint unit and 
control unit. 


4 


Find out if it has a smooth adjusting 
mechanism and contactless switching 
in its indicator setpoint unit. How about 
the power supply (transformer and 
rectifiers) and load relay in its control 


unit? Make sure these components 
measure up to your own standards of 
quality. 


> 


Some manufacturers give 
you choices... suchas 
integral pushbuttons 
and alarm lights, dc- 
powered models, low- 
signal operation using 
op-amps, and thermo- 
couple break protection (on pyrometers). 
Evaluate these options carefully for 

your own product requirements. 


6 


Be sure it has been designed for maxi- 
mum accuracy and com- 
patibility with your ther- 
mocouple sensors. Py- 
rometers should provide 
precise temperature con- 
trol, over-temperature 
protection and error- 
free readings. 


7 


Make sure the manufacturer will stand 
behind his products and that his meter 
relays meet all ANSI specifications. 


Check out the special features 
you need. 





If you're specifying 
pyrometers... 





And don't forget the reputation 
of the meter relay manufacturer. 


Seis Eledlri Cus 


iy ae. 


For a free guide entitled, “Pick the Right 
Panel Meter” (GEA-10340) and our com- 
plete Catalog (GEP-307), write to General 
Electric Co., Section 592-67, Schenec- 
tady, N.Y. 12345. 
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That neat power MOSFET design 
just might win this design contest 


If you have a_ switching a es how to enter — | 
amplifier application that re- § There” are several ways to_ rules and take action now. The 
quires high current, high spe d enter the contest. Circle Reader deadline for entries is midnight, 
and linearity; or your switchii arvice Number 300 and we'll February 15, 1977. Winners will 
application needs high input send you an entry kit that be announced in May and 
impedance and high speed; or includes product data sheets, | selected winning designs pub- 
you have an idea that uses a_ basic application - information, lished by EDN in June 1977. 
medium-power VHF amplifier, entry blank and rules. |. >. Yhere's a bonus for RF 
then consider yourself a prime __ For faster service, go to your designers, too. If your RF design 
candidate for the EDNJsiliconix nearest Siliconix distributor, scores among the top five 
Design Contest. | _ sales representative or sales ~ winners, you'll receive an extra 
Earlier this year, Siliconix office and pick up a kit; or tear prize shown on the prize list. 
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To find the most innovative and Those of you who already have send him a duplicate prize. 
best utilizations of these transis- the MOSPOWER™ FET data You'll move right to the top of 
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Don’t delay! Read the contest 














































thinking cap and get cracking. 
One of the valuable prizes could: oe 
be yours! 





FIRST PRIZE: Black & Decker power tools 








SIXTH—TENTH PRIZES: 
Digital stopwatch 


SECOND PRIZE: 
Microma watches 
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CONTEST PRIZES: 


First Prize (value $850) 


Black & Decker power tool 

assortment consisting of: 

e Variable-speed jig saw 
kit : 

e 2-speed dustless belt 
sander 

e 7-1/4-in. deluxe circular 
Saw 

e 10-in. power shop with 
cabinet 

e 8-gal. wet/dry vacuum 
cleaner 

e Router kit 

e 5-in. bench grinder 

e 21-piece twist drill-bit 
set 

e Workmate work center 
and vise 


CONTEST RULES: 


1. Prizes will be awarded for 
best utilizations of VMP 
MOSPOWER™ FET fea- 
tures. A bonus prize will 
also be awarded for the 
best RF application if 
judged among the top 
five entries. 

2. Asigned entry blank must 
accompany all entries. 

3. All entries must describe 
in detail the utility of the 
design, how it works and 
benefits to be gained 
from its use. They must 
also include a block dia- 
gram and/or circuit sche- 
matic of the system. 

4. Designs must not contain 
confidential or proprie- 
tary information. 

5. Entries must be post- 
marked no later than 
midnight, February 15, 
1977. 

6. Entries must be conceived 
and written by entrant(s) 
and must not have been 
published previously (li- 
mited-distribution house 
publications excepted). 

7. Contestant agrees that 
the design submitted may 


Second Prize (value $150) 


e His and her’s LCD Micro- 
ma wristwatches 


Third Prize (value $100) 

Black & Cecker power tool 

assortment consisting of: | 

¢  Variakle-speed jig saw 
kit 

e  7-1/4-in. deluxe circular 
Saw 


Fourth and Fifth Prizes (value 
$75 for each prize) 


e Two (2) smoke detectors 


Sixth-Tentk Prizes (value $50 

for each prize) 

e Siliconix hand-held elec- 
tronic digital stopwatch 


be published by Siliconix 
and Cahners Publishing 
Company and shall be- 
come the sole property of 
Siliconk. 

8. Employ2es and relations 
of Siliconix, Cahners Pub- 
lishing Company and 
their agencies are not eli- 
gible to enter this contest. 
Consultation with any of 
the above is prohibited. 

9. Judging will be done by. 
Siliconix and EDN. 


RF BONUS PRIZE (value $100) 


A bonus prize will be awarded 
to the best RF application 
submitted if judged among 
the top five (5) entries. This 
prize will be a Black & Decker 
power tool assortment con- 


sisting of: 
e 3/8-in. variable-speed 
drill kit 


e Finishing sander kit 
¢ 100-ft 16-gauge, 3-wire 
extension cord 


TOTAL PRIZE VALUE = $1600 


10. Decisions of the judges 
are final. In case of du- 
plicate entries, the entry 
with the earliest post- 
mark wins. 

11. Contest is void in states 
or provinces where pro- 


hibited. 

12. Mail all entries to: 
EDN/Siliconix Design 
Contest 


2201 Laurelwood Road 
Santa Clara, CA 95054 


EDN/Siliconix Design Contest 


Entry Blank 
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| hereby submi: my VMOS circuit design to EDN/Siliconix design contest and agree to abide by 
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The verdict is in: Solid-state 
fluorescent ballasts are here 


Tradition reigns supreme in the !ess exotic areas of electronics, 
so any design breakthrough really is significant! 


Robert J. Haver, Motorola, Inc. 


Standard 60-Hz fluorescent ballasts have been 
around for some time. Containing a minimum 
number of parts, these circuits are simple, 
reliable, efficient and low cost. With such an array 
of positive features, the old standard should last 
forever. Such is not the case, however. 

The current-fed oscillator described in tois 
article is the successful result of a program aimed 
at obtaining an equivalent solid-state 
fluorescent-lamp ballast. A 20-kHz sine-weve 
oscillator operating from 120V ac, this device puts 
out enough voltage to light the bulb and is 
inherently current-limited after bulb ionization. 
The circuit is small and quite efficient (90%), and 
will probably become the ‘‘standard’”’ for all 
arc-lamp ballast work in the future. 

The basic circuit (Fig. 1) is essentially a class C 
sine-wave oscillator with a filter choke added to 
insure more efficient transistor switching. Oper- 
ating alternately on a 50% duty cycle, the 
transistors supply power to both the tank circuit 
(L,, C,) and the load resistor, R,. A feedback 
winding on L, supplies transistor drive and 
initiates transistor switching when the tank vclt- 
age crosses the zero line. Rectifying and filtering 
the ac line voltage generates the 170V dc circuit 
supply. 

Voltage at the center tap of L,, with respect to 
the negative side of the dc supply, is a full-wave 
rectified sine wave with 170V average value and a 
peak value of 7/2 times the supply. Since this 





relationship must be maintained (with no average 
voltage across L,), peak tank voltage will always 
remain equal to wm times the supply. If lamp 
Starting requires more voltage, a secondary 
winding can be added to L,. Since L, ideally has 


Fig. 1—More efficient transistor switching is insured by adding 


a filter choke to the class C sine-wave oscillator used in the 
solid-state ballast design. 
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infinite inductance, the current through it is 
constant and dependent on the power dissipated 
in the load resistor or lamp. 


It’s time to build on the basics 


Two specific applications of the basic circuit are 
shown in Figs. 2 and 3. The circuit of Fig. 2, 
designed specifically for 40W rapid-start bulbs, 
has a quite straightforward operation. 

The ac line voltage is rectified by the MDA922-4 
diode bridge and filtered by the capacitor- 
inductor combination, C,-L,. Transistors Q, and 


Q,, the center-tapped tank coil T,, and capacitors 
C, through C; make up the oscillator’s power 
stage that develops a 600V peak sine wave across 
T,. During starting, or when a bulb is burned out 
or removed, capacitor C, acts as a snubber and 
contains the transistor load line and upper 
oscillator frequency. 

Once the lamps ionize, capacitors C, and C; 
lower the tank’s operating frequency from 30 to 
20 kHz, and also limit the current to each of the 
bulbs to about 0.4A rms. Because the lamps are in 
parallel, they operate independently and one 


TABLE 1 


COIL SPECIFICATIONS 


T,, CENTER TAPPED CHOKE WITH FB WINDING 
PRIMARY INDUCTANCE — 2 mH @ 4A (600V @ 20 kHz) 
TURNS RATIO — 600V : 60V (PEAK) 
FB POWER — 10W 


WINDING - CORE 


MAGNETICS 


PERMALLOY POWDER TOROID 


80T 

=20 16T oy tg NO GAP 
80T =26 (PROGRESSIVE PRIMARY WINDING) 60T ¢ 

=20 


=55110-A2 


FERROXCUBE 
100T FERRITE E CORE 


SEE ¢ 20T E53/24/14 
NOTE Ps 
OTEA Vi 26 


GAP TO 500 MILS 


T,g CENTER TAPPED CHOKE WITH SECONDARY AND FB WINDING 


SECONDARY INDUCTANCE — 2.7 mH @ 4A (1 kV @ 20 kHz) 


T,,— FB TRANSFORMER 


POWER — 10W @ 20 kHz 
TURNS RATIO—60V : 6V : 6V: 10V CT (PEAK) 


WINDING CORE 


- | FERROXCUBE 
< 6T =22 FERRITE POT CORE 
3019PL00 — 3B7 (OR 3C8) 


T33— FB TRANSFORMER 


POWER — 5W @ 20 kHz 


TURNS RATIO — 600V : 1 kV: 60V (PEAK) TURNS RATIO — 60V: 10VCT (PEAK 
FB POWER — 5W 
WINDING CORE WINDING CORE 
MAGNETICS 60T 5T =22 FERROXCUBE 
ST 260T PERMALLOY POWDER TOROID FERRITE POT CORE 
(SEC) =55111-A2 2213PL00 — 3B7 (OR 3C8) 
=20 =20 (PROGRESSIVE PRIMARY WINDING) =24 5T =22 NO GAP 
80T 
=20 


C ww" ial 
=24 
NOTE 1: BYFILAR WINDING WITH =32/36 LITZ WIRE OR EQUIVALENT 


L,,— CHOKE 


INDUCTANCE — 4mH @1.7A 
(FILTERS 300V, 20-kHz RECTIFIED SINE WAVE) 


WINDING CORE 
FERROXCUBE 
der FERRITE POT CORE 
3019 PLOO—3B7 (OR 3C8) 
=24 GAP TO 100 MILS 





L,,.— CHOKE 


INDUCTANCE — 4 mH @2.6A 
(FILTERS 300V, 20-kHz RECTIFIED SINE WAVE) 


L,,— STANDARD COIL (SEE FIG. 2) 


L,— CHOKE 


INDUCTANCE — 1.5 mH @ 1A 
(FILTERS 5V, 20-kHz RECTIFIED SINE WAVE) 


WINDING CORE WINDING CORE 
200T FERROXCUBE FERROXCUBE 
FERRITE E-E CORE ae FERRITE POT CORE 
E40/19/12 OR FX3730 (MULLARD) 2213PL00 — 3B7 (OR 3C8) 
=20 GAP TO 125 MILS =24 GAP TO 42 MILS 
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FB 180 mH 180 mH 


MJE 13003 
GREEN 
RED 
: YELLOW YELLOW 
RED 
i x 
120V AC MDA 






C 
cC 3 
2 
0.01 uF 0.01 uF 
Tha C, 
0.01 uF Xx Y 


C, |0.005 uF C,| 0.005 wF 
A 


———— WW 
FB a =) 
oe om 
B 
By i 
LAMP LAMP 
40W 40W 
: ies 
CURRENT 
MONITOR 
2, 5W S 5 
oo 
R a 
2 iw Ww 
>> C,,C,,C,— 600V 
GC, C,— 1200v 


FOR COIL 
SPECIFICATIONS, 
SEE TABLE 1 


Fig. 2—Noise is less of a problem in this 40W solid-state bellast design. Even though it works at a high frequency, the resonant LC 


tank circuit produces clean sine waves of power to the lamps. 


bulb will remain on if the other is removed. In 
such a situation, however, both the tank frequen- 
cy and single bulb current will increase by about 
20%. 

In this rapid-start ballast design, the feedba-k 
transformer (T,) supplies both transistor base 
drive and continuous filament power for the 
lamps. Capacitors C, and C; limit the open-circuit 
start-up voltages to 400V and insure a normal 
rapid-start delay (to allow the filaments to heat) of 
from 0.8 to 1.4 seconds. (These features are not 
found in the circuit of Fig. 3.) Note that the 
inductors used in this design for L, and L; contain 
about 20 of internal series resistance for base- 
current limiting. 

The above operational description also holds 
for the dual 75W instant-start ballast design of Fig. 
3. This circuit also operates off the ac line (120¥) 
and uses the same input filter and power stage 
with one exception—the addition of a secondary 
winding on T,. Because these 96-in. instant-start 
lamps require more starting voltage, the tank- 
voltage output must be stepped up to 1-kV peax. 
For most effective snubber action, C, is kept cn 





the primary side of the transformer. 

Of course, to handle the higher lamp power 
requirements in this design, most of the compo- 
nents are slightly larger than their 40W counter- 
parts. However, because it does not have to 
supply any filament power, the feedback trans- 
former is actually smaller. 


A few words about component selection 


A number of different transformer designs 
were tried in both ballast types. Table 1 shows the 
winding specs for those designs that provided the 
best operation. 

In the case of the 40W ballast, the ferrite E core 
with Litz wire costs less and is preferred for that 
reason. Litz wire keeps the losses down but is 
unfortunately relatively difficult to obtain except 
in large quantities. 

In the 75W ballast design, the low-permeability 
core selected offers the best compromise on 
efficiency and cost. All coils were progressive- 
wound and the turns varied to give the proper 
amount of secondary inductance for resonance at 
20 kHz (about 2.7 mH). 
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Test observations indicate that the transistors 
are just coasting in this application and should 
operate quite reliably. Because of the zero- 
voltage crossing operating mode, switching loss- 
es are practically negligible. Basically, transistor 
requirements include maintaining saturation 
when ON and blocking 600V with reverse bias 
when OFF. A starting transient occurs when the 
lamps first strike. This momentarily requires the 
devices to sustain 0.5A at 400V during switching 
and block 700V. 

The 40W ballast requires a 0.5A/800V device; 
the 75W design, a 1A/800V unit. Switching speeds 
of 1 wsec are adequate and all devices evaluated 
met this criterion. However, the units finally 
selected had exceptional speed (0.5 wsec) and 
were successfully used without heat sinks in both 
ballast designs. 

For the 40W ballast, the new 715P series of 
‘‘filmite L’’ capacitors from Sprague were used for 
one reason—they cost quite a bit less than their 
mica counterparts. (As an added feature, they 
also offer 100°C temperature ratings and high rms 
current capability.) 

While these potential cost savings have also 
promoted investigation into the possible use of a 
special high-voltage ‘‘filmite L’’ unit in the 75W 
ballast circuit, only the mica units from Sangamo 
presently have adequate voltage ratings for this 
application. 
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Rectifier protection is programmed in 


Although they tend to draw excessive current 
from the line, capacitive filters were used in these 
designs. To minimize these currents, the capaci- 
tor values chosen reflect the minimum value 
consistent with stable circuit operation. However, 
even with such low-value capacitors, the initial 
surge currents required to charge these compo- 
nents can still cause input-rectifier failure. 

Though viable, a current-limiting scheme based 
on full-cycle surge-current ratings proves ineffi- 
cient, costly and rather unnecessary since inrush 
current flows for such a short time. To avoid these 
problems, we used a computer program to 
generate values of limiting resistors for the 
rectifiers chosen. Based on the RC time constant, 
the program calculates inrush current pulses and 
compares this data to the equivalent sub-cycle 
surge ratings on the rectifiers. Using the I’t 
concept, the program repeats the calculations 
until the correct resistor value is found. 

Realistically, it’s quite often not possible to use 
the exact component values generated by com- 
puter programs. With conservative design prac- 
tices, the diode and resistor combinations chosen 
represent the best compromise of efficiency, cost 
and form factors in each design. Lower resistor 
values can be employed with larger rectifiers, but 
the slight gain in efficiency will not offset the 
increased cost- and form-factor considerations. 


BLUE 


YELLOW BLACK 


MR752 


FOR COIL 
SPECIFICATIONS 
SEE TABLE 1 


Fig. 3—Higher starting voltages required by most 96-in. instant-start lamps demanded a change in tank-coil design to obtain 


necessary 1-kV output. 
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Performance speaks louder than words 


Each of the solid-state ballasts were designed to 
provide light outputs equal to their 60-Hz stan- 
dard counterparts; thus, comparisons of efficien- 
cy and efficacy (Table 2) attest to the increased 
performance of solid state over standard ballasts. 

The electrical efficiencies of all ballasts are 


shown to average about 90%. However, the 
solid-state ballasts actually supply much less 
power to the lamps to obtain the same level of 
light output. Not so obvious from Table 2, then, 
is that the solid-state ballast realizes an overall 
power savings of about 15 to 17W. In terms of 
efficiency, these figures represent an overall 
improvement of 17% for the 40W design and 9% 
for the 75W ballast. 

Other advantages are provided by the solii- 
state design that are more subtle, but worth 
mentioning. For example, the old 60-Hz standa-d 
ballast is heavy (3-1/2 lbs.). Because of the voltage 
spikes on the leading edge of each positive and 
negative alternation, the 60-Hz unit also gene- 
rates an excessive amount of noise. 

In contrast to this, the solid-state design is 
smaller and much lighter (< 2 lbs.). And even 
though it operates at a much higher frequency, 
noise proves less of a problem because the 
resonant LC tank circuit used produces clean sine 
waves of power to the lamps. 


It’s not theoretical—it’s practical 


Each and every component used in the solid- 
state design is cost effective, readily available ard 
well within the present state-of-the art. In con- 
trast to old inverter ballast designs which used 
expensive high-frequency coils to limit lamp 
current this design employs economical 

“‘orange-drop”’ capacitors. 

While they must be wound with Litz wire or en 
equivalent, the ferrite E cores used for the power 
transformer are small and inexpensive. The only 
remaining critical components, the power transis- 
tors, are basically lower current versions of 





popular horizontal-deflection transistors utilized 
in most TV sets. In response to the recent 
demand for low-power switching supplies, a 
great number of these devices are now available 
on the market. 

As noted previously, the voltage Se ernie 
of the 75W ballast are beyond the present 
capability of ‘‘orange-drop”’ capacitors, and more 
expensive mica units must be used. Because of 
this situation, present-day ‘‘best guess-timates’’ 
show a 2:1 cost disadvantage for the 75W design. 

However, standard cost-reduction programs 
will probably be effective, and these solid-state 
designs (or similar versions) should appear on the 
market within two years. In fact, current lab work 
with a higher power ballast for a 400W metal- 
halide lamp indicates that these circuits could be 
cost effective almost immediately. 

To date, the circuits built and tested have 
operated from the 120V line and used 700V 
transistors. Since standard 1500V transistors are 
now available, designs working off a 220V line 
seem feasible. 

Unfortunately, the other ‘‘standard”’ voltage for 
fluorescent circuits is 277V, and supply voltages 
up to 480V are not unusual. Even though experi- 
ments with 3-kV transistors are now fairly com- 
mon, standard transistors with these voltage 
requirements will probably not appear on the 
market in the near future. 

Thus, while direct operation from a 277V line 
doesn’t appear feasible, utilizing a series- 
switching preregulator can still make the solid- 
state ballast practical. Using the same filter choke 
now in the design and one extra power transistor, 
the preregulator scheme could adapt the 120V 
design to any higher voltage desired. 0 


Author’s biography 


Robert J. Haver is a prod- 
uct applications engineer 
at the Semiconductor Div. 
of Motorola, Inc. in Phoe- 
nix, AZ. His present re- 
sponsibilities include 
product support and cus- 
tomer assistance in the 
area of power transistors. 
A graduate of Syracuse 
Univ. (BSEE), he has been with the company 10 
years and holds one patent. Bob, together with 
his family, enjoys softball and camping when time 
permits. 





Article evaluation: Please circle one on R.S. card. 
Read Some—No. 309 Read Most—No. 310 


69 





MRB 6Az 
‘Pratt | 


7 


+ 


ne in our reed relay selec 
RELIABILITY 


e story, contact your Clare Repre- 


Rescnnnritinaccnaeniy Bpccvte: 
Bprceehf Rcricnnninnn trie 1985 


7, & 


aS 


10645. Phone (312) 262 


PRSSLOREs 


re & Company, 3101 W. 


-P. CLARE & COMPANY &@ 
UMENT CORPORATION 


ee 8 ae g 


YOBG 


g 
% 
g 
£ 
= 
° 
= 
é 





ide ec 


ban, RM te 


+ 


immune 


ith total needed 
oltage transients 


And all are 


yh performance . 
to v 


ive 


ics. 
it 


insensi 


supply the reed relay you. e 


Clare reed relays prov 
formance w 


There’s a CLARE REED kf 
for every PCB applica 
From: standard dry reed operat 





Want simpler 
backplane connections’? 


Come to the source 





Now, a unique Scotchflex 
brand Socket Connector and 
Keying Header system lets 
you interface directly with 
backplane wire wrap pins and 
provides for easy, positive 
polarization and keying. 

The header design allows for 
thousands of unduplicated 
polarizing combinations 
without loss of backplane 
pins. The 50-position 
connector mates with .025” 
square pins on .100” x .200” 
grid spacing. Header allows 
space for and protects two 
layers of wrap belowit. System 
also provides polarizing keys 
and strain relief handles. 











There are several 

more things you can get only 
from 3M. The broadest range 
of flat cables and complete 
system components. Best 
off-the-shelf availability. 
Proven performance. 

And the unmatched 
experience of the people 
who pioneered this reliable 
mass termination system. 


‘‘Scotchflex’’ is a registered trademark of 3M Co. 


Scotcntlex 
SyYSIEMS 


trom 3M 
he source 


Need some other 

ways to simplify wiring and 
increase circuit density? 
3M’s Scotshflex line offers 
you a broad choice of 
mass terrrinating socket — 
connectors, plus wire wrap 
or solder tail headers to 

suit your ¢pecific design 
problem. Keying capability 
is also prcvided. 


See our 
catalog in EEM, 
page 1056 


For more information, Circle No. 39 
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The point of sale terminal is 


_______just one application where data integrity and ease of maintenance are vital. The SEMI 4104A static 
_________4K RAM answers both problems perfectly. It is static; that means simpler, faster field maintenance. 
________ And just 15 mw will protect data. The 1K x 4 organization is ideal for small capacity systems, 
_______and the 200 nsec access (350 nsec cycle) time makes it fast enough for any 8080A class s—s—CSS 


See | eooroceesor on the market. Get full detailstiom 


EAMERAMIEE SESE ETE as See our local EMM SEMI distributor, or 








call us today. 


A subsidiary of 
Electronic Memories & Magnetics Corp. 
3883 N. 28th Ave., Phoenix, Ariz. 85017 
(602) 263-0202 





For more information, Circle No. 40 
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Optoisolators: 
More output configurations 
for more functions. 


We offer you quite a choice. Transistors. 
Darlington transistors. SCRs. Logic gates. We also 
have slotted limit switches and reflective sensor 
switches. And there is immediate availability of 
most models. 








Min.Current Min. DC 


Output Package Transfer Isolation 
Format Types Ratio Voltage (V) 
Transistor 6 Lead Plastic DIP 6%-100% 1500-3550 
Transistor 8 Lead Plastic DIP 
(Dual Channel) 6%-20% 1500 
Transistor TO-18 Metal Can 15% 1000 
Darlington 6 Lead Plastic DIP 100%-200% 1500 
Forward Blocking Min.DC 
Output Package Voltages Isolation 
Format Types (VFXM) Voltage (V) 
SCR 6 Lead Plastic DIP 200V-400V 1500 
2 SCR’s 
(Connected 
Anode to 
Cathode) 8 Lead Plastic DIP 200V 1500-2500 
Min. DC 
Output Package Typical Isolation 
Format Types Bandwidth Voltage (V) 
Logic Gate 8Lead Plastic DIP 0.1MHz-1.0MHz 2000 
Output Package Collector Current 
Format Types (Ic) @ (IF.VCE) 
Transistor Slotted Limit 50uA @ 20mA, 10V 
Switch 200LA @ 20mA, 10V 
Darlington Slotted Limit 1.6mA @ 50mA, 1V 
Switch 2.00mA @ 16mA,1V 
Darlington Reflective x 
Sensor Switch 50uA @ 50mA, 5V 


We'll send you a free copy of our internal QA 
Reliability Evaluation Report on our standard MCT2 
device. It shows the requirements we place on our 
products before you even see them. It will prove that 
Monsanto means quality and reliability, which means 
cost savings and value to you. Just mail us the coupon. 

That will also bring you up-to-date information 
on our optoisolator and LED products. 

Or contact your Monsanto man or distributor 
for assistance or immediate delivery. 








ee te re en ee ee ee 

y Please send me your free Reliability Reports and i 

fl product information. 

Monsa nto: ! 1 

a : i 

® fl Name Title ; 

escience : : 

—f Company Street i 

compan tqgo 

V. a City State Zip , 

: i Mail to Monsanto Electronics Division, H 
IN EUROPE CONTACT: Monsanto Europe &.A., E 3400 Hillview Ave., Palo Alto, CA 94304. i 
Electronic Division, Avenue de Tervuren 270-272, I Phone (415) 493-3300. i 
B-1150, Brussels, Belgium Lem EEE eee eee eee 
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Intersil stocking distributors 
Arrow Electronics 

Century Electronics 
Elmar/Liberty Electronics 
Harvey (Upper N.Y.) 
Intermark (San Fran., Seattle) 
Kierulff Electronics (Mass. ) 
Marshall Ind. (L.A., San Diego) 
R.A.E. Ind. Elect. Ltd. (Van. B.C.) 
Schweber Electronics 

Sheridan Assoc. 

Diplomat (Fla.) 

Weatherford 

Zentronics (Canada) 





Intersil area sales offices 
Boston (617)861-6220 
Chicago FE a 
DEVE VALD Ki c¥ ae teiots) 

Los Angeles (213)532-3544 
Ft. Lauderdale (305)772-4122 
Minneapolis (612)925-1844 
New York (201)567-5585 

San Francisco Bay Area (408)984-2170 
Upstate New York (607) 754-7406 
Canada (416)842-0411 
Representatives in all major cities. 


eee 


For instance here's a 
1K CMOS RAM for only $5. 


Tal lesiiMcw ole lellarve -W(e)me) mM e)gctoi le Mele 
the myth that CMOS is always expensive. 
The IM6508C is a 1024 x 1 CMOS static 
RAM, for example, with all the benefits you 
want from CMOS: micro-power, simple 
supplies, great noise immunity and 
K-1iFele)] [WY OL U] mY olUmer-la mel) ai maceliala 
Lkom e}iay e)- (em B) | atom (0) akelal Vans to ROOM la 
lel bieme(Ur-laliit(cton , 








Now check the low cost Intersil CMOS line. 


We're in volume production with an 
Tal cS Mi flan Varo) O1\"/ (@homanl(orcelere)an el ¥it aye) 
devices which work together to simplify 
ole Tao =S-S[e [alu o)ce)e)(-1aal-mvallicme Ulale mele Mm Rey=| 
system advantages. Intersil, 10900 North 
Tantau Ave., Cupertino, CA 95014. 












: Description 
CMOS 12 bit uP 












M6101 OV [OXOR fel e-11(-1 1 Om 

IM6312 CMOS 1024 x 12 ROM 27.90 
IM6402 CMOS UART 4.00 
IM6508 CMOS 1024 x 1 RAM ome] é) 
i feselon ; 





CMOS 256 x 4 RAM 
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New high performance 
low voltage JAN and 
JAN-T X zeners 
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1N5521B through 1N5532B | TRW Power Semiconductors, , 

—4.3 volt to 12 volt zeners— An Electronic Components Division of TRW, Inc., 

now available as JAN and JAN -TX l 14520 Aviation Boulevard, Lawndale, California 90260 | 

| [_] Please send me data sheets on TRW’s new JAN and_i| 

Now you can get JAN and JAN-TX regular and | tae aoe | 

| [] 1 would like a quote on____ of volt devices. | 

reference zeners with much sharper knees in the | (Quantity) (Voltage) | 

43-12 volt range l [_] | am interested in chips with similar specifications | 
for hybrid applications. 

| 3 | | 

Since the sharper knee gives circuit designers | | 

better regulation, TRW’s new family of zeners ies: | 

offers a combination of better regulation and lower | COMPANY NAME l 

leakage to provide far more latitude in circuit acre ers | 

design. Forprices and specifications, callJohn Power | | 

(213) 679-4561, or use the coupon. oe ee BBN 


TRW power seEmiconpucTors 


ANOTHER PRODUCT OF A COMPANY CALLED TRW 
81 
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CTS conquers space. 


And has for well over a decade with space saving 
series 750 SIP cermet resistor networks. And with 
space a very important commodity in modern sys- 
tems, you llwant to make CTS a very special source 
for your network needs. - 

You conserve valuable PCB space, enjoy greater 
system reliability, use fewer components, install 
easier—automatically, cut handling costs and de- 
rive faster inspection. CTS experience, technology 
Vale me] gelelsleid(e) amer-\ey-(ollamiiatielgsmialsm ayelalsi-)a@e 10 rc1|payA 
fastest delivery available. 

Where one of our more than 130 standard off- 
the-shelf SIP’s won’t meet your circuit require- 


ments, well custom design the resistor network 
you need in either conventional or low profile 
(ays (o) -¢-(e(sere)ansie| lec ale)a toy 

Be assured of ultra-high stability and reliability. 
Over 900 million hours of test data prove CTS 
reliability with an established failure rate of only 
OF O10] O lou bm of =) am 101610 ale6] a-m Omecloy mere) atile(-islersi(-.1-) 


eed 1°) 1-11 0(>1 0-10) b’ancie] Ol) glolm@mcomenliiit-la’ant-liiela=ta(-)\,>) pte 


of established reliability specs. : 

x) n'Z0)0] amore) e)’ano) aro)U|mue>iit-1e)||avana=) ele) gene) aero) eit 
plete resistor network data, write: CTS OF BERNE, 
INC., 406 Parr Road, Berne, Indiana 46711. Phone 
(219) 589-3111. 


‘Om B—Wolel-1-10)-F-walel 


Elkhart, Indiana 


A world leader in cermet variable resistor technology. 


For more information, Circle No. 45 
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Presenting: The answers 
to our quiz on DAS modules 


By studying our explanations, you should be well prepared to apply 
these versatile data-acquisition system building blocks. 





got less than four correct, we recommend a 
brush-up on your DAS-module usage.. Five to 
seven correct answers is a job well done, though 
we advise that you proceed carefully wren 
working with sophisticated applications. But. if 
you scored eight or more questions correctly ‘an 
excellent performance!) you should have no 
difficulty using DAS modules. 

In any case, the following explanations to eech 
question should help clear up any confusion or 
misunderstandings. 


1. The high-input impedance of most data- 
acquisition system modules is deceiving because 
dynamic considerations exist that limit the maxi- 
mum usable source impedance to a relatively low 
value. Every multiplexer has an output capaci- 
tance that gets connected to the selected chen- 
nel, and this capacitance must be charg2d 
through the signal-source impedance. 

Because the multiplexer, differential amplifier 
and sample/hold require 4-5 sec to settle tre 
input signal, the time constant (7) formed by tne 
source impedance and multiplexer capacitance 
should be very short (<1 psec). A time period 
equal to 9.27 is required to settle to 0.01% 
(1/2 LSB for 12 bits). Therefore, assuming the 
MUX capacitance to be 20 pF, settling time 
= (R source) (C) (9.2) = (Rsource) (20 107 1*)(9.2). Thus. a 
source impedance of 5 kQ will require a settling 
time of (5x 10%)(20x 10~!")(9.2) = 0.92 wsec. 





We told you the questions weren't easy! If you 


Note also that other dynamic limitations further 
restrict the maximum source impedance for a 
given throughput; for example, charge PUMP- 
OUT from the multiplexer back into the source 
Capacitance and resistance. 


2. If the differential-amplifier low input is tied to 
analog ground, the amplifier can no longer 
differentiate between common voltages on the 
signal and analog ground. But if the signal-source 
common or return is tied to the differential- 
amplifier low, then the amplifier can reject 
common-mode voltages appearing on the signal 
inputs. 

One drawback exists for the latter approach, 
however, that holds for all single-ended systems: 
Because only one switch of the multiplexer is 
dedicated to each channel, all signal-source 
cqmmons must be tied together at the 
differential-amplifier low input. 


3. How do we get the 0.488-mV/ysec slew rate? 
Recall that for a +10V (20V p-p) input, a 12-bit A/D 
converter resolves 4.88 mV/LSB. Further, a 100- 
kHz throughput requires 10 wsec/channel sam- 
pled. Therefore, the input cannot change more 
than 4.88 mV/10 psec, or 0.488 mV/sec. 


4. The output of the sample/hold amplifier 
contains an offset error derived from both the 
pedestal (inherent in most sample/hold’s), and 
from the basic op-amp offsets in the differential 
amplifier. These offsets in most data-acquisition 
modules zero-out at the comparator of the A/D 
converter as a bulk zero, even though they 
remain in the individual stages. 

Inserting a switchable-gain amplifier anywhere 
in the DAS module (except immediately after the 
multiplexer which has no offset), will produce 
errors, when you consider the overall data- 
acquisition function. Why? Because the offset will 
be multiplied and therefore appear as different 
offsets to the A/D at different gains. Thus, a fixed 
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trim at the comparator would be correct at only 
one gain setting. 


5. The sample/hold control usually ties to the end 
of the conversion signal. Thus, whenever the A/D 
converter performs conversion, the sample/hold 
is in the HOLD mode; and when the A/D isn’t 
converting, the S/H is in the SAMPLE mode. 

Almost all modern 12-bit successive- 
approximation converters use the Type 2504 
successive-approximation-resister (SAR) IC. 
When the A/D triggers, the clock must be gated 
ON. Because of this, a finite delay exists between 
the A/D trigger pulse and the moment that the 
SAR actually causes the END-OF-CONVERSION 
(EOC) signal to go to busy. This delay could range 
from 20 to 230 nsec, depending upon how the 
DAS-module manufacturer implements the 
clocking. 


6. All three alternatives will increase throughput. 
If the A/D converter is ‘‘short-cycled’”’ (operated 
at lower resolution), it will require less time to 
make a conversion because the last LSB’s need 
not be tested. Further, if the multiplexer is 
directed to the next channel while the previous 
channel’s voltage is held in the sample/hold 
during conversion, that effectively eliminates the 
MUX’s switching and settling time from the next 
channel’s acquisition time. Note, though, that the 
feedthrough of the sample/hold must be very 
low, or the process of switching the MUX will 
introduce errors into the voltage being held for 
conversion. 


7. DAS modules with 12-bit resolution can easily 
connect directly to an 8-bit wC. To input all 12 bits 
of the A/D output word requires a 2-word 
transfer. You can readily accomplish this because 
of the 3-state outputs. The first input instruction 
enables bits 5-12 (LSB); the second instruction, 
the remaining MSB bits. 


8. We recommend that you use an interrupt- 
driven interface. True, the interface would oper- 
ate with either program or memory-mapped |/O; 
however, an interrupt-driven interface allows 
real-time events to control the processor and it 
also eliminates unnecessary software overhead. 
Remember that both memory-mapped and pro- 
gram I/O tie up the wC I/O bus for the entire 
length of time the peripheral is busy, while an 
interrupt allows the wC to perform other tasks 
until data is ready. 


9. Calculation of the throughput time is as 


follows: 
Load channel and start A/D conversion (one I/O 
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instruction) = 3 psec 

Data-acquisition system module throughput time 

= 10 usec 

Test A/D DONE condition (one I/O instruction, 

one test instruction) = 6 psec 
Input 12-bit A/D word (two I/O instructions) 

= 6 psec 

Load memory from accumulator (two memory 

instructions) = 6 psec 

Total = 31 psec 


10. The cost of each approach computes as 
follows: 
Four data-acquisition system modules at $175 
each | = $700 
One data-acquisition module at $175 plus one 
expander module at $450 = $625 
The 64-channel system using one data- 
acquisition module plus an expander is obviously 
the lowest cost approach at $625. However, if 
throughput time is important, the system with 
four DAS modules can scan all 64 channels in only 
25% of the time that the module plus expander 
would require. Since both approaches only differ 


by $75, the latter approach may well prove better. 
0 


Authors’ biographies 
Fred Molinari (/eft) and 
Aaron’ Fishman _ co- 
founded module-maker F 
Data Translation three | 
years ago. As president of © 
the successful Natick, MA ° 
firm, Fred manages the 
company’s operations 
and directs new product 
concepts. Aaron’s re- i 
sponsibility as vice president of engineering is to 
turn these concepts into realities. Fred received 
his BSEE from Worcester Polytechnic Institute, his 
MSEE from Northeastern Univ., and his MBA from 
Harvard; Aaron, his BSEE from Tufts Univ. In his 
leisure time Fred enjoys gardening and skiing; 
Aaron’s outside interests include sailing, robins 
and painting. 
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INNOVATIVE! LOW PROFILE... 


IN 1959 DIGITRAN DEVELOPED THE FIRST SWITCH ... AND TRUE 


OF IT’S KIND, THE DIGISWITCH ® AND STARTED TACTILE FEEL AS WELL!! 


A NEW ERA IN DIGITAL : 
| GITAL CONTROL AND DISPLAY. Series KL MINIKEY Keyboards 


Today we make over a dozen different lines of Digital Switches from the originators of the DIGISWITCH® 
with dozens of Output Code options and thousands of assembly : 

combinations. Seven of our lines are OPL Approved. We make @Less than .275” thick @ Special “touch tone’ versions 
Low-Profile Keyboards Too!. é @Excellent tactile feel available too 

Our prices are competitive and if what you need is not in Loca @ | wo-color molded keys @Siondad ae: Hobie § 
Distributor stock there is a Sales Representative in your area tc @Back or front mounting Bibs is oF 
help you solve your DIGITAL CONTROL PROBLEMS. configuration 

DIGITAL DIGITAL @!2 or 16 key models @ Special models available from 
CONTROL CONTROL are standard the factory 





Send for our 68 page DIGITAL SWITCH CATALOG 


Send for a SERIES KL MINIKEY Data Sheet 


DIGITRAN DIGITRAN 


Pasadena, California e Phone (213) 449-3110 


Pasadena, California 91105 « Phone (213) 449-3110 
For more information use the Inquiry Form provided on this page. 


For more information use the Inquiry Form provided on this page. 


DIGILEVER IneurIRY FORM 


eee a WANT MORE oe on te aac 
INIKEY Keyboard ( IN] 
FASTER THAN PUSHBUTTONS! 50 SNAP-IN SLIMSWITCH C1 Series 29000 ECONOMY MINI. 


SWITCH (C] Series 12000 MINIBUTTON [1 Series 24000 DIGILEVER 


ONE LEVER. THEY’RE POSITIVE, SEALED. C) Series 28000 MINILEVER LI OPL Approved DIGITAL SWITCHES 
BIDIRECTIONAL AND QPL APPROVED TOO! Feem: fe yo comple “DIGITAL SWITCH” Catalog, ( Send 1 


Sales Engineer to see me. My phone i is: { ) 
2. Is the purchase of this type product anticipated? L] Yes CJ No. If “Yes”, 





Series 24000 DIG!- 
LEVER Digital 
Switches are built 
to last in hostile en- 
vironments where 
Step-at-a-time digi- 
tal control is a 
desireable human 
factors or systems 


what is your application? | | 
3. ls your requirement: LJ Current (J 1-3 months (J 3-6 months (C longer? 


4. How many assemblies per year? (] under 100 L) 100-500 LJ 500-1000 
or more. 


5. Are you responsible for: [J Design [) Specification (] Purchasing? 


6. Have you specified or purchased products of the type made by Digitran 
in the past? LJ Yes 1) No. If yes, whose? (J Digitran 




















requirement. {J Other 
7, Have you ever been contacted by a Digitran Sales Representative? [J Yes 
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Let ‘‘Power-ON” generate a noise-free transition pulse 


N. Savalgi and P.R.K. Chetty 
|.S.S.P., Bangalore, India 


It’s often necessary to start a logic circuit in a 
‘‘oroper mode’’ whenever power is turned on or 
interrupted. Utilizing one-half of a common 
SN7413 Schmitt trigger, our circuits, simpler and 


less expensive than existing designs, generate’ 


either a positive pulse (a) or a delayed step (b). 

In circuit (a) the uncharged capacitor holds the 
Schmitt trigger input LOW (and therefore the 
output HIGH). The application of power charges 
the capacitor to the upper threshold point of the 
trigger, causing the output to go LOW. The 
waveforms in (a) illustrate this process. 

In (b), since the capacitor is connected be- 
tween V,, and the trigger’s input gate, power-ON 
immediately fires the trigger, causing the output 
to go LOW. Then, as the capacitor discharges 
below the lower threshold point of the trigger, 
the output goes HIGH. See the waveforms in (b). 

The optional 1N914 diode makes the capacitor 
discharge rapidly during a power interrupt. O 
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One-half of a Schmitt trigger automatically produces a 
positive pulse (a) or delayed step (b) (suitable for logic 
start-ups) aS soon as you apply power. In addition, the 
optional diode makes the circuits suitable for use as 
interrupt-restart monitors. 


Improved PUT oscillator operates over a wide range 


Bruce E. Patterson 
IBM, Boca Raton, FL 


Several applications require the use of a combina- 
tion ramp/pulse generator in which both the 
frequency and amplitude of the output wave- 
forms show little variation with wide power- 
supply (V,-) fluctuations. The circuit shown in (a) 
is a modified programmable, unijunction- 
transistor (PUT) relaxation oscillator to which I’ve 
added a source-follower buffer amplifier, a FET 
current source, the zener diode at the gate cf the 
PUT, and the common-base amplifier at the 
cathode of the PUT. 
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The addition of the current source allows a 
constant” charging current for the timing capac- 
itor, C,, and also improves the linearity of the 
ramp. The gate zener diode, D,, unaffected by 
variations of V.,, fixes the amplitude of the output 
ramp by insuring that the PUT always ‘‘fires’’ at 
the same voltage level. The interaction of the 
zener diode and the current source tends to lock 
the frequency against variation of V... Diode D, 
provides temperature compensation. 

You can approximate the period of oscillation 
by the equation: 

t= (, « Veil 

With the values given, the device has a 

frequency of 40 kHz and an output ramp, at Vo,, 
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Wide Range LCR Measurements can be 
this quick and easy... 


a LINK NOWN anterior 


LST ER HM Petey hig Be 


‘| +WGOGIA TEST FIXTURE 
EWLETT + PACKARD 


The new HP 4261A Digital LCR Meter brings you the 
accuracy and wide range of an impedance bridge, plus 
the speed of an automated digital test set. Eliminating 
bridge balancing and dial reading reduces the chance 
of human error significantly. Just set the FUNCTION 
switch and take the reading from the auto-ranging 
3%-digit LED display. HP’s auto-balance circuit-y 
eliminates the tedious knobturning and ambiguous 
meter reading of manual impedance bridges. 

The 4261A’s auto-ranging feature gives you 
almost instant readings: inductance from 0.1 micro- 
henries to 1900 henries; capacitance from 0.1 pico- 
farads to 19.00 millifarads; resistance from | milliohn 
to 19.00 megohms; and dissipation factors from zero 
to 1.9. And you get all this measurement capability 
for only $1,7407 


Options add computing power. The 4261A gives 
you a wide choice of optional configurations too, such 
as back-panel inputs and outputs that are compatib_e 
with the HP Interface Bus (conforming to [EEE 
488-1975), for automated testing or data gatherirg 
under calculator or computer control. You can also 
order the HP 4261A with optional BCD outputs, and 
remote control features. 


And it’s versatile. The HP 4251A offers you tke 
choice of two test-signal levels (SO mV or 1V), and 


Just touch and read. 


; 
5 


FUNCTION CIRO) 


ee 





internal, external, or manual trigger. You can select 
DC Bias levels of 0, 1.5, 2.2, or 6V (or external) and 
test frequencies of 120 Hz or 1 kHz. You can make 
two-terminal measurements for general applications 
and three-terminal measurements, using a guard ter- 
minal, for high impedance measurements. Or, for 
extremely low-impedance measurements such as a very 
small inductance or a large capacitance, you can make 
four-terminal measurements. 

Contact your local HP field engineer. He can show 
you many additional features and benefits that the 
HP 4261A offers. 


*Domestic U.S.A. price only. 





The Useables- 
new standards in component testing. 


096/42 







il 


HEWLETT, 


; PACKARD 


Sales and service from 172 offices in 65 countries. 
1507 Page Mill Road, Palo Alto, California 94304 


For more information, Circle No. 47 





with 10V amplitude. It was found that a +10% V<¢- 
variation produced only a +0.65% frequency 
variation, and had no effect upon the amplitude 
of the output waveforms (shown in b). 

When the capacitor, C,, charges to approxi- 
mately Vz, the PUT “‘fires,’”’ allowing the capacitor 
to discharge through R;. The pulse developed 
during this operation drives transistor Q, from 
saturation into cutoff. Thus, the pulse output (Vop) 
goes from a normal level of V.~ (saturated) to a 
value determined by zener diode D;. Upon 
complete discharge of C,, the PUT turns off and 
the cycle repeats. 0 
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V... fluctuation can kill a circuit requiring a stable ramp/pulse generator. This programmable unijunction transistor (PUT)-based 
circuit shows only a +0.65% variation in frequency, with no loss of amplitude for a +10% supply deviation. 


Data collector selectively multiplexes inputs 








Joe H. Apple 
EG&G, Rockville, MD 











If you need a data-collection circuit capable of 
selectively multiplexing different numbers of 
inputs on sequential scans, this design might 
provide the solution. 
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The multiplexer uses a 4-bit binary counter to 
sequentially select the desired data input via the 
16-1 line-data selector. By alternately selecting 
different scan-initiated data and scan-end data 
words, you can vary the number and location of 
the desired inputs between sequential scans of 
the multiplexer. 

This operation can be fully understood from 
the following example. During the first scan the 
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If you thoucht you could never afford made of commercial-grade anodized 


a computer at home, think again. The aluminum. 
The IMSAI 8080 is built for rugged industrial The IMSAI 8080 power 
performance. Yet its prices are com- _ supply produces a true 28 amp 
IMS Al SO8O0 petitive with Altair’s hobbyist kit. current, enough to power a full system. 
a Fully assem)led, the 8080 is $931. You can expand to a powerful system 
Unassembled, it’s $599. with 64K of software protectable 


The IMSAI 8080 is made for memory plus an intelligent floppy disk 


e 
A commercial commercial users, and it looks it. controller. You can add an audio tape 


Inside and out. The cabinet is attractive, cassette input device, a printer plus a 


vet personally heavy gauge aluminum. The heavy video terminal and a teletype. And 


duty lucite f-ont panel has an extra these peripherals will function with 

affordable 8 program controlled LED’s. It plugs _ an 8-level priority interrupt system. 
directly into -he Mother Board without BASIC software is available in 4K, 
a wire harness. And rugged commercial 8K and 12K. 


computer. grade paddle switches are backed up Get a complete illustrated 


by reliable d2bouncing circuits. brochure describing the IMSAI 8080, 
The system is optionally options, peripherals, software, prices 
expandable <o a substantial system and specifications. Send one dollar 


with 22 slots in a single printed circuit to cover handling to IMS. The IMSAI 
board. And ihe durable card cage is 8080. From the same technology that 
developed the HYPERCUBE Com- 
puter architecture and Intelligent 
Disk systems. 

Dealer inquiries invited. 


WS 


IMS Associates, Inc. Dept. EDN-11 
14860 Wicks Boulevard 

San Leandro, CA 94577 

(415) 483-2093 
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Get More from Your 
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Would you like more power? Better mileage?, 
And could you stand to eliminate 3 out of 4 |! 
of those expensive tune-ups? Well, that’s 
what the MARK 10 capacitive discharge 
electronic ignition system is all about. Very 
simply, it boosts the spark to your engine— 
promoting better combustion, and minimizing 
combustion contaminants. Spark plug 

life is extended, all-weather starts 

are insured, and you can feel an increase 
in acceleration and overall engine 
performance—no matter what kind of 





P.O. Box 1147, Dept. EDN 
Grand Junction, CO 81501 
(303) 242-9000 


| want to know more about Mark Ten CDI’s. 
Send me complete no-nonsense information on 
how they can improve the performance of my car. 


| | 
| 
| | 
| 
| 
| 1, 1 RENAE OR ET SUSAN TAD Ope OAS a Baal tN are 
| 
| 
| | 
| 


Car you drive. Learn more about a Address 

MARK 10 CDI system for your car (and k 

take advantage of year-end discount prices), 

when you write today for a catalog and price list. City State____ Zip 


For more information, Circle No. 49 
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SCAN INITIATE DATE WORD SCAN END DATA WOR) 


Versatile variable-length multiplexer can selectively MUX 
differing numbers of inputs or sequential scans. 


binary representation of scan-initiate data word, 
2,” is applied to the parallel load inputs of the 
counter through the quad 2-1 data selector. Also 
during the first scan, the binary representation of 
scan-end data word, “8,” is applied to the 
magnitude comparator through the quad 2-1 data 
selector. Upon command of the multiplexer- 
control circuit, the scan-initiate data word loads 
into the counter and the counter enables. The 
multiplexer immediately samples input ‘’2,’”” con- 
tinuing at the clock rate until it reaches a count of 
8. At this time, the magnitude comparator indi- 
cates that the counter has reached the scan-end 
data word and the multiplexer-control logic stops 
the scan. By presenting different scan-initiate and 
scan-end data words (by switching the quad 2-1 
multiplexers), scan patterns can be generated. 

You can expand this variable scan-length multi- 
plexer to include longer numbers of inputs by 
increasing the number of 16-1 line multiplexers 
and selectively enabling the appropriate multi- 
plexer chip. Finally, the scan lengths and starting 
and end points can be varied in greater detail by 
employing 4-1 data selectors in place of the 2-1 
data selectors. O 
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Suppressed-carrier demodulator uses two active devices 


C. E. Musser 
General Electric, Binghamton, NY 


In ac suppressed-carrier servo systems, command 
or signal information is extracted from the carrier 
through a demodulator circuit. The demodulator 
circuit illustrated here has good accuracy, is 
simple to mechanize, and has a straightforward 
theory of operation. 

When the transistor switch is ON, the op-amp 
gain equals —1. When OFF, the op-amp gain 
becomes —1+2 = +1. Thus, the circuit provides a 
unity-gain function constant with alternating 
polarities and will deliver bipolar outputs de- 
pending on the phasing of the signal relative to 
excitation. 

This circuit has been used with a 741 op amp 
and a 2N2945 pnp transistor switch. Metal-film 
resistors of +1% were also implemented. For 
accuracy considerations, Rgouree Must be much 
smaller than R and preferably from the outout of 


90 


another closed-loop op amp. R;, should also be 
much larger than R to avoid gain loss in the 
noninverting path. O 











AC os 
SUPPRESSED- mnee pc 
CARRIER OR 
INPUT LOW- 
FREQUENCY 
OUTPUT 
AC R 
SUPPRESSED- spbivor 2a: . 
CARRIER ; ; : 
EXCITATION ASSUM fog 
te SOURCE 
KI RANSISTORON” >! = Ryyo> R 
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A single op amp and transistor switch do an ac, suppressed- 
carrier demodulator make! The circuit provides unity-gain 
constant with alternating polarities. 
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COMPATIBILITY 


SPRAGUE GIVES YOU A CHOICE OF 2 MONOLYTHIC® 
CERAMIC CAPACITORS THAT GO HAND IN HAND 
WITH ALL TYPES OF STANDARD DIP COMPONENTS 


Type 933C DIP-Style* Molded-Case 


Moisture-proof case offers excellent mechanical pro- 
tection during hand or automatic insertion. Made by 
alternately depositing thin layers of metallic elec- 
trodes and ceramic dielectric until desired capac- 
itance is obtained, then firing into a homogenous 
block. Capacitance range: 18pF to .1 uF @ 100 WVDC: 
to .22uF @ 50V; to .47uF @ 25V. 


Type 7C Saddle-Base Resin-Coated 


Tough resin case, with outer epoxy varnish coating, 
protects against damage from handling as well as 
moisture. Phenolic base plate insures accurate lead 
spacing and eliminates resin run-down on leads. 
Capacitor sections made with proven layer-built con- 
struction. Capacitance range: 51pF to 1uF. Voltage 
ratings: 50 and 100 WVDC. 


For more information on these and other Monolythic® Ceramic Capacitors, 
write for Short-Form Catalog MC-108 to: Technical Literature Service, 482.6119 


Sprague Electric Company, 491 Marshall Street, North Adams, Mass. 01247 


* Sprague puts more component families into 
dual in-line packages than any other manufacturer. 


SPRAGUE 


THE MARK OF RELIABILITY 





For more information, Circle No. 50 7 


PROGRESS IN PRODUCTS 





DPM uses I’L to shrink parts 


count, size, power and cost 


PROGRESS IN 
COMPONENTS 


Smaller and more accurate than 
its analog counterparts, Analog 
Devices’ AD2026 digital panel 
meter enters a price range 
competitive with high-quality 
APM’s. Specifically, this 3-digit, 
logic-powered device with large 
1/2-in. LED’s costs just $39 in 
100-piece quantities. 


Competing with APM’s 

Since its case measures only 
3.4x2.0x0.85 in., the AD2026 
occupies less space on and 


behind its mounting surface 
than APM’s with 3-1/2-in. scale 











§ ei SR 


With cir 


De 








cuitry complete on a single snap-in board, the 


lengths. Yet this DPM provides 
readout resolution and repeata- 
bility superior to 4-1/2-in. me- 
ters: While most APM’s offer 
accuracy near 2%, the digital 
unit boasts 0.1% of reading +1 
digit. 

Because APM manufacturers 
have long praised the high 
reliability of their products, 
many users are wary of convert- 
ing to DPM’s. The AD2026, 


though, eliminates two major 
problem areas: internal heating 
and large component count. The 
meter draws only a low 0.75W 
max. from a single +5V supply, 
and contains only 14 electrical 

components, half of them pas- 


AD2026 offers a streamlined 


Wen 


package and a clean front-panel lens. The latter permits the user to individualize the 
DPM with his own logo, measurement information, or customized styling. 
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sive. Results from multiple tests 
support the theoretical MTBF of 
260,000 hours at +25°C. 

The converter incorporated in 
the 2026’s I*L chip uses a 
dual-slope integrating A/D tech- 
nique to provide four conver- 
sions/sec. At the input, a bal- 
anced differential circuit can 
tolerate a sustained overvoltage 
of +15V dc, and can handle 
200-mV common-mode voltages 
(CMR is 50 dB). Simple logic 
circuitry offsets input-voltage 
values, permitting a 10% nega- 
tive capability and allowing a 
measurement range from —99 to 
+999 mV. 

Unlike APM readouts, the 
AD2026 can display values in 
various engineering units, with 
scale factors determined by a 
simple resistor network. And 
because the display blanks 
during conversion, it does not 
interact with the converter, 
affording outstanding differen- 
tial linearity. 


A neat package 


The AD2026 also offers sim- 
plicity of installation. Its snap-in 
case (patent applied for) re- 
quires no tools or hardware for 
assembly or mounting. 

All AD2026’s undergo exten- 
sive factory QC testing, includ- 
ing a 168-hr burn in. Delivery is 
from stock. 

Analog Devices, Inc., Box 280, 
Norwood, MA 02026. Phone 
(617) 329-4700. 
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SWITCH. ‘‘Rotocode”’ is a combination 
thumbwheel/rotary switch. In the basic 
version, a rotary shaft drives 1 or more 
pc discs whose concentric traces rotate 
past stationary wipers. Max. bit count 
(each side) is 7 plus common. Even in the 
simplest form, 1 disc replaces a 
multideck rotary switch. In the expanded 
version, a customer-specified pc board 
is added ahead of the first disc and 
rotating wipers act on it in thumbwheel 
fashion. Basic 2-deck unit, $10. Cherry 
Electrical Products Corp., 3600 Sunset 
Ave., Waukegan, IL 60085. Phone (312) 
689-7702. Circle No. 232 


BRIDGE RECTIFIERS. Units in the Series 
PK-F are designed for 12A operation and 
join existing 6, 8 and 10A designs. All are 
available for 50, 100, 200, 400, 600, 800 
and 1000V peak reverse operation. 
Surge-current and dielectric-strength 
ratings are 150A and 1500V, respectively. 
Measuring <1 in. in dia., the devices can 
be chassis or heat-sink mounted and 
accommodate 1/4-in. quick-disconnect 
terminations. $1.50 (1000) for a 400V 
model. Electronic Devices, Inc., 21 Gray 
Oaks Ave., Yonkers, NY 10710. Phone 
(914) 965-4400. Circle No. 233 





S.S. RELAYS. 


Designed for direct 
pc-board mounting, these measure only 
1.27 in.*. They can switch up to 3A at 120 
or 240V ac, and come with input ranges 
of 3 to 8, 8 to 18 and 18 to 32V dc. 
Capable of being directly driven by TTL 


logic, the relays feature zero-crossover 
switching, input/output photo isolation, 
epoxy encapsulation, IC compatibility, 
long life and immunity to shock and 
vibration. $5 (1000) for a 1.5A, 120V 
model. Elec-Trol, Inc., 26477 N. Golden 
Valley Rd., Saugus, CA 91350. Phone 
(213) 788-7292. Circle No. 234 


PC CONNECTORS. A line of 2-piece 
microminiature metal-to-metal units, the 
8300-Series connectors use miniature 
Varicon™ contacts that are mutually 
embracing, hermaphroditic, spring load- 
ed and interlocking. Standard units are 
available with up to 20 positions. The 
contacts (phosphor bronze with gold- 
over-nickel plating) are rated for 3A and 
have contact resistance of 6 mQ. Approx. 
10¢/contact, with delivery 8 wks. ARO. 
Elco Corp., 2250 Park PI., Eli Segundo, CA 
90245. Phone (213) 675-3311. 

Circle No. 235 


POT. The 112-P19 is a high reliability, low 
cost, conductive-plastic potentiometer. 
Resistance values range from 5000 to 100 
kQ with standard linearity of +0.5%. The 
unit features a solid-molded raised track, 
unique high-pressure wiper assembly 
and superior wiper-contact material to 
obtain a life of 10° revolutions. 


Gold-plated terminals, beryllium-copper 
wiper spring and stainless-steel shaft and 
ball bearings come standard. $21 (100). 
Maurey Instrument Corp., 4555 W. 60th 
IL 60629. Phone (312) 

Circle No. 236 


St., Chicago, 
581-4555. 





SUPPRESSORS. A line of zener-type 
devices, the TVP1500 Series features 
1500W peak pulse power (1.5J), a voltage 
breakdown range of 8.2 to 2000V and 
recovery time of approx. 1 nsec. 
Packaged in polymer silicone cases that 
withstand 400°C temp., the line has a 
reverse standoff range of 6.6 to 171V and 
operates over the temp. span of —65 to 
+175°C. $1.35, with delivery 6 to 8 wks. 
ARO. TRW Capacitors, 301 W. O St., 
Ogallala, NB 69153. Phone (308) 284- 
3611. Circle No. 237 














Switch Access From 
Racked PC Boards 
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Rocker 
DIP Switches 


SPST circuitry under each rocker... 
Dimensionally compatible with SPST, 
SPDT, and DPDT Rocker DIP switches 
and standard sockets. 


= Positive identification of rocker 
position from the side of the 
mounted switch. 


= Low profile...can be readily edge 
mounted on racked PC boards. 


® Grayhill’s reliable spring loaded, 
sliding ball contact system...life 
rated at 50,000 operations with 
positive wiping action and immunity 
to normal shock and vibration. 


Here’s the latest entry to the com- 
prehensive and innovative Grayhill 
DIP switch line...a new switch that 
can be actuated without removing 
the PC board from its rack. Because of 
its distinctive shape and side ac- 
tuation, Grayhill calls this the 
PIANO-DIP®. It’s ideal for mounting 
on the exposed edge of a racked PC 
board, allowing engineer or technician 
easy programming access. PIANO- 
DIP™ switches are now offered 

with 7 rockers; future versions will 
include 4 to 10 switch stations. 
Complete information is contained in 
Bulletin 260R321, available free on 
request from Grayhill, Inc., 

561 Hillgrove Avenue, 

La Grange, Illinois 


60525; phone: D) . 
(312) 354-1040. Grayhill 


For more information, Circle No. 51 
93 





































an investment 
in capitol buys 
rugged switch 

design and long, 


trouble-free life 


For Example! 
Our Extremely 
Dependable, 
Multiple-Position 
Push Button Strip 
Switches 





Basic frames are anodized alu- 
minum. Plungers are 5/32” 
square brass with a nylon ac- 
tuator molded on_ them. 
Hence, they will not bend or 
warp. 


Mechanical linking of alll 
switch positions prevents oper- 
ation of more than one posi- 
tion at a time. A released but- 
ton will return to the “up” posi- 
tion before the next bufton 
can be actuated. These 
switches can be illuminated 
either by an external circuit or 
directly from the switch. Lamps 
do not travel when positions 
are engaged, eliminating 
shock to the bulb. 

Capitol switches are tested 
with 2 to 3 million operations to 
assure life-long, trouble-free 
performance. 






Our 28-page catalog 
will give you all the 
“’specs’’ on CAPITOL’s 
entire line of quality 
switches. 






CAPITOL manufactures a com- 
plete, high-quality line of push 
button and lever switches — il- 
luminated if desired — stan- 
dard and custom designs to fit 
your every need. 


CAPITOL 


The Capitol Machine and SwitchCo. 
87 Newtown Road, Danbury, Conn. 06810 
Phone: 203-744-3300 





For more information, Circle No. 52 
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VARIABLE ATTENUATORS. Models 940- 
60-1 and 940-114-1 offer continuously 
variable attenuation from 0 to 60 dB (dc 
to 4 GHz) and 0 to 114 dB (0 to 2 GHz), 
respectively. Both models handle 5W 
average (50CW peak) power and have a 
50,000-cycle rated life. Insertion loss is 6 
dB min., wh le max. VSWR is 1.5 at 1 GHz 
and 1.8 at 4 GHz. Dial accuracies for the 
-60-1 and -114-1 are +0.5 dB or 1% at 2 
and 1 GHz, respectively. $460 for -60-1; 
$555 for -114-1. Weinschel Engineering 
Co., Gaithersburg, MD 20760. Phone 
(301) 948-3434. Circle No. 238 


SWITCHES. In addition to offering 
double-throw action in a miniature case, 
the MPN Series snap-action push 
buttons provide isolated connection to 
the lamp for increased flexibility. 
Standard T-1-3/4 grooved-base lamps are 
easily removed from the front without 
special tools. Contacts and terminals are 
gold-flashed for extended life (50,000 
operations min.) and oxidation inhibi- 
tion. Contacts carry ratings of 6A at 125V 
ac, 3A at 250V ac. $2.65 (1000). Alco 
Electronic Products, Inc., 1551 Osgood 
St., N. Andover, MA 01845. Phone (617) 
685-4371. Circle No. 239 


TIME-DELAY RELAY. A versatile device, 
the Model 336 operate-delay relay comes 
in 84 different time/voltage configura- 
tions and with 7 coil voltages ranging 
from 12 to 230V ac or dc. Standard time 
delays (12) run from 6 min. to 24 hrs. 
Contacts are heavy-duty dpdt types rated 
for 10A. All circuitry is transient- 
protected for 2500V, and repeat accuracy 
runs well under 1%. Approx. $40, 
depending on qty. Time Mark Corp., Box 
15127, Tulsa, OK 74112. Phone (918) 
939-5811. Circle No. 240 


New...Words and Bits to 50 MHz 


MG-S variable length, programmable data/word generator 


If you need 8 bit parallel words up to 128 words (256 with the optional 
memory expansion) ... or a serial word selectable in bit increments from 


1 to 1.024 bits (2,048 option) — then 


our modular MG-3 will do your job. 


An auxiliary ninth channel can be used as parity or variable position 
sync... it also has NRZ/RZ control, single cycle mode and remote control. 
Load the generator’s high speed memory using front panel controls or 


with tne optical card reader shown. 
with a pencil. 

Apply the MG-3 to testing IC’s, 
components or systems. 


You program and change the cards 


digital circuits, and communications 


Call or write for data sheets and demo. 


gpm: 
tau-tron 94 


11 Esquire Road, North Billerica, Mass. 01862 Tel: (617) 667-3874 
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ARROW MPU APPLICATIONS NOTE 


Signetics 2650 is a vending machine. 


gui anstianmnaasietn an 


© Imuoiu Sag 
@ Calsyne 


1 Insert Coin 
: 2 Select Brand 7 
: 3 Push Handle . i 


Signetics’ 2650 8-bit, T?L 
compatible MPU can be used as an 
Tahc}i fle [=1a) mexeyalace)|(-1ancelar-M-lalel late 
machine selling such items as 
books, magazines or toiletries. 

iM alismere) al dco) msy\-1¢-100 oL-) ace) at tlowre| 
wide variety of functions. Among 
other things, it receives inputs 
Wal ke] alesX=Jalsiom dalsmels)avelaaliarciarelalcme) 
the coins deposited, and checks 
darohmidalows 0) ae) e\-)ar-lanlele lala ar=tomel=\-10 
received for the item desired. It 

rel sYosi-] ale ;-molepsol0comcomeli-je)f-Ncm-lale 
solenoids to perform tasks such as 
Takei Ker-taiale wacom dalsm olUh’{=) mini ceramics ients 
are sold out, whether exact 

(ol aF-lale[-mismalsic1e(ste Mme) mpmlalelelela 

ake) al=\Va ar- tom ol\-1am Ole palia mie) aatare 

item desired. 

The Signetics’ 2650 MPU can be 
used to solve a wide variety of 
fe} go)o) (=1antsmiamant-lan me liatsiaslalerclactctcy 
such as: security systems, 
chemical control processes, 
aatcto|[er-lmr-Valemant=}(cle) gel relelier=1 
equipment. 

Use this versatile MPU and 
related components to solve your 
lal=y quel-s-}[e]ame)ce)e)(=)s0mm imo mer-le 
help, call us. Because at Arrow, 
we don’t just sell and stock 
components, we also sell ideas. 


Address Bus | 


Item Dispense | [- Coin Sensors ae 
* co 2 Empty Coins © 
Accept Escrow | 
on Coin Grange: 
Control Return se 
Lines Pees eae ItemSelectes 
Coin Dispenser chs Bee See 


“LLL Display ; > Item Price 


+5V Be esc 


Arrow .. New York (516) 694-6800 (212) 995-2100 Dayton, Ohio (513) 253-9176 Cleveland, Ohio (216) 


464-2000 Moorestown, N.J. (609) 235-1900 (215) 928-1800 Baltimore, Md. (301) 247-5200 (202) 737-1700 Saddlebrook, N.J. (201) 797-5800 
Poughkeepsie, N.Y. (914) BOG. 7530 Hamden, Conn. (203) 248-3801 Woburn, Mass. (617) 933-8130 Ft. Lauderdale, Fla. (315) 776-7790 
Ol ial=1ai [eler-li(o)atoe-len =) (elelaaiiarelColamiilalan (GaP) 888-5522 New Berlin, Wis. CSE) 782-2801 International (516) 643-4500 TWX: 510-227-8390 
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MINICOMPUTER. Supporting a full line 
of data storage/communications periph- 
erals, the ECLIPSE® C/330 has main- 
memory expansion capacity to 512k 
bytes in 64-byte semiconductor, or 
32k-byte core, single-board memory 
increments. Commercial data- 
processing software includes Fortran, 
ANSI-74 Cobal, RPG II, RJE/HASP, and 
INFOS—a data-base oriented file- 
management system. $58,000 and up 
(memory and peripheral dependent). 
Data General, Rte. 9, Southboro, MA 
01772. Phone (617) 485-9100. 

Circle No. 166 


SC/MP uP. Preassembled and fully 
tested, these ‘‘SC-8 BOARDS” include all 
the firmware and components needed to 
evaluate the SC/MP system. The board, 
measuring 4X5 in., incorporates a 
standard 72-pin edge connector. Each 
unit contains 1 4k ROM preprogrammed 
with KITBUG, 2 1k RAM’s organized into 
256 4-bit words, 1 7V regulator, 1 8-bit 
data buffer, a 1-MHz crystal and a20-mA 
current-loop TTY interface. $125 (1-10). 
National Semiconductor, 2900 Semicon- 
ductor Dr., Santa Clara, CA 95051. Phone 
(408) 737-5000. Circle No. 167 





wC GRAPHICS GENERATOR. The MTX- 
256**2 displays a total of 65,536 dots 
arranged in a 256X256 dot raster, with 
each dot individually addressable in <3.4 
wsec. The system consists of a central 
timing-unit module (for interfacing w»P 
timing to TV sync) and a 65k-bit image 
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memory module. To a pP, the unit looks 
like a WOM with 4 8-bit locations. 
Locations with addresses 1 and 2 are dot 
coordinates while addresses 0 and 3 
control intensity and/or color resolution. 
$598. Matrox Electronic Systems, Box 56, 


Ahuntsic Stn., Montreal, Quebec 
H3L2S0. Phone (514) 481-6838. 
Circle No. 168 


PROGRAM LIBRARY. Hundreds of 8080 
wC programs are now available from the 
Insite™ software exchange. For a $100 
annual fee (waived if you submit an 
acceptable program), members receive a 
Program Library Manual with program 
listings up to 3 pages long, update 
packages, end 5 free source tapes of 
their choice. Extra paper tapes cost $15 
each. Key programs include disc and 
paper-tape versions of BASIC. Intel 
Corp., 3065 Bowers Ave., Santa Clara, CA 
95051. Phone (408) 246-7501. 

Circle No. 169 
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MICROCOMPUTER. Jupiter IIC hard- 
ware combines a MC6800-based CPU, 8k 
of RAM, and 3k of ROM with a 
video-terminal interface, keyboard and 
dual audio-cassette interface. Software 
includes a monitor/debugger package 
with interrupt handling and I/O monitor 
call instructions. A programmable 
macro-editor, expanded assembler and 
proposed ANSI-standard BASIC come 
standard. $2200 (kit); $3200 (assembled). 
Both include 2 cassette units and a 12-in. 
B&W TV. Wave Mate, 1015 W. 190th St., 
Gardena, CA 90248. Phone (213) 329- 
8941. Circle No. 170 


FORTRAN COMPILER for MOS Techno- 
logy/Synertek 6500 wC’s lets users 
program with statements such as 
COMMON, DATA, DIMENSION, 
EQUIVALENCE, FUNCTION and SUB- 
ROUTINE via time sharing. For flow of 
control, the language has arithmetic IF, 
logical IF, DO, GOTO, STOP, PAUSE, 
RETURN and END statements. Operators 
include: +, —, *, /, **, // (modulo), 





.AND, .OR, .NOT, <, =, =, >, =<and 
!! (concatenation). Remote Computing 
Corp., 1 Wilshire Blvd., Suite 1400, Los 
Angeles, CA 90017. Phone (213) 629-2532. 

Circle No. 171 
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uP CARDS. Based on 6800-family logic, 
these 4-1/2-in. square Wire-Wrapped* 
boards come in CPU, PROM, static RAM, 
ACIA, RS-232 and PIA functions. The 
CPU treats each function as a memory 
location with its address selected by hex 
switches. Since all cards come fully 
buffered, any number from 3 to 120 can 
be used per system. A programming card 
permits writing programs in Model 2704 
or 2708 PROM’s. $90-$400. Cambridge 
Thermionic Corp., 445 Concord Ave., 
Cambridge, MA _ 02138. Phone (617) 
491-5400. Circle No. 172 


uP LANGUAGE. MicroFORTH™, a multi- 
level pP language said to reduce 
execution time by as much as a factor of 
10, can also reduce memory requirement 
from 2k bytes coded in assembler to 1k 
or less. The standard package includes a 
compact disc-operating system, macro- 
assembler, FORTH™ compiler and 
interpreters, a text editor and interactive 
debugging aids. $1000. FORTH, Inc., 815 
Manhattan Ave., Manhattan Beach, CA 
90266. Phone (213) 372-8493. 

Circle No. 173 


MICROCOMPUTER. Constructed 
around the Z-80 pP, the Quay 80Al 
contains all the components necessary 
to build a stand-alone or ALTAIR- or 
IMSAlI-compatible wC. The system fea- 
tures a 2.5-MHz clock (1, 62 and sync), 
ROM-based monitor, RS-232C or 20-mA 
serial 1/O port (at rates to 2400 baud), 
8-bit parallel ASCll-keyboard interface 
port, and PROM programmer. $450 (kit); 
$600 (assembled). Quay Corp., Box 386, 
Freehold, NJ 07728. Phone (201) 681- 
8700. Circle No. 174 
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SOFTWARE DEVELOPMENT system, the 
RDP2, makes it possible for Intel SBC 
80/10 wC-board users to develop 
application software with greater effi- 
ciency. The package combines an editor, 


assembler, and monitor (prepro- 
grammed on 4 PROM’s) onto a single 
plug-compatible card for debugging, 
tape dumping and loading, storage/ 
register modification and program exe- 
cution. $995, including complete docu- 
mentation, periodic software updates, 
and warranty, Extensys Corp., 592 
Weddel Dr., Suite 3, Sunnyvale, CA 
94086. Phone (408) 734-1525. 

Circle No. 175 


COMPUTER CARPET. Claimed to be the 
Only carpet guaranteed to meet IBM 
recommendations for electrical resis- 
tance in floor-covering materials, 
COMPU-CARPET™ employs conductive 
Zefran® nylon-filament yarn with 
STATEX-II conductive jute backing. Static 
potential is reduced below 2000V for 
ordinary footwear and below 10V for 
conductive footwear. The carpets carry a 
5-year anti-shock warranty. United 
Technical Products, 621 Main St., 
Waltham, MA 02154. Phone (617) 
235-4449. Circle No. 176 


RS ge ie: 





DISC HEADS. Designed for use by disc 
manufacturers who utilize Winchester- 
type data transducers as part of a fixed or 
hybrid head system, the FH140-Series 
monolithic R/W_ flying-head assembly 
functions on both oxide and _ nickel- 








cobalt discs. Versions are available with 
either 3-track (FH143) or 5-track (FH145) 
gimbal subassemblies for a total of 42 or 
70 tracks, respectively. FH143, $600. 
Delivery, 90-120 days. National Microne- 
tics, 5600 Kearny Mesa Rd., San Diego, 
CA 92111. Phone (714) 279-7500. 

Circle No. 177 


DATA TERMINAL. Model 5000 buffered 
tape-cassette terminal, built around the 
250B tape-cassette transport system, is 
said to be the only system that utilizes a 
uC for control and efficiency, Pro- 
grammed high-speed search and power- 
ful edit functions, as well as full 
communications capability, all come 


standard. Tape speeds are up to 120 ips 
on cassettes capable of holding 175,000 
characters. The system weighs <12 lbs. 
MFE Corp., Keewaydin Dr., Salem, NH 
03079. Phone (603) 893-1921. 


Circle No. 178 
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MAG-TAPE SYSTEM. CO-30000LSI LINC 
Tape is said to be the first mag-tape 
system for the LSI-11®/PDP®-11/03, is 
100% DECtape® compatible and offers 
media interchangeability with any com- 
puter equipped with DECtape. Having a 
capacity of 148k 16-bit words in blocks of 
256, the system offers the LSI-11 user a 
direct-access storage unit. The controller 
will support a total of 4 drives. First drive 
and controller, $1995; portable model, 
$2295. Computer Operations, Inc., 
9700-B George Palmer Hwy., Lanham, 
MD 20801. Phone (301) 459-2100. 

Circle No. 179 


PRINTER. The 753-10 nonimpact printer 
is a desktop, thermal, serial-character 
unit which uses a single 5X7 dot-matrix 
print head. The device produces copies 
of messages directed to it by the pP 
controller within the 751-10 display 
terminal. The 753-10 quietly prints up to 
30 characters/sec in 80 columns on 
thermally sensitive paper. Functions 
include LF, CR, space, back space, 
character print and NOP on null and 
undefined codes. $2540. Control Data 
Corp., Box O, Minneapolis, MN 55440. 
Phone (612) 853-4656. _—_ Circle No. 180 





CALCULATOR. The SR-51-II has 8 
memory registers—twice the number of 
its predecessor, the SR-51A. TI’s Alge- 


braic Operating System allows equations 


to be entered as they are algebraically 
stated, (including up to 9 parentheses 
sets and 5 pending operations). Seven 
conversion keys are offered, as well as 
other significant improvements. A re- 
chargeable battery pack, AC adapter/ 
charger and carrying case are also 
included. $79.95. Texas Instruments Inc., 
Box 5012/MS 308, Dallas, TX 75222. 
Phone (214) 238-3741. Circle No. 181 





WITH OUR CATALOG 
YOU MAY NOT NEED 
A CUSTOM 











AND THE 
CATALOG 

IS YOURS 
FOR THE 
ASKING 













Picture a complete 
concise composite catalog of over 
800 off-the-shelf capacitors, over 
1200 variations includingsome weird 
and unusual units. If what you need 
isn’t there, then drop us a line, or 
give us a call, we'll custom design 
a capacitor for your circuit, and in 
most cases there is no charge for 
customizing. But check the catalog 
first, what you need may be there and 
ready for immediate shipment. 


TO GET YOUR CATALOG, 
JUST DROP US A LINE. 


















Box 997 Brooksville, Florida 33512 =< 
Phone (904) 796-3562 Cable Address: CONDENSER 


Doing business throughout the world 
since 1934 
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DATA TERMINAL. This Touch-Tone™ 
pad pocket data terminal can signal over 
telephone lines for data entry and 
remote programming, EBS testing, 
automatic dialing and security systems. 
Measuring 2.1X 4.50.88 in. and weigh- 
ing 5.5 oz, the unit generates all 16 pairs 
of standard touch-tone, dual-tone audio 
frequencies, yet cannot be modified to 
generate the illegal (bluebox) frequen- 
cies. The low-power CMOS uses a 9V 
battery. PDT-700, $49.95. Executive 
Devices, 740 S. Locan, Fresno, CA 93727. 
Phone (209) 255-6977. Circle No. 182 
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CERAMIC TRIMMER 
CAPACITORS 


These rotary ceramic disc trimmer capacitors ere 
perfect for broadband applications from audio to 
500 MHz. They provide an ideal low cost means of 
“trimming” circuitry such as crystal oscillators, 
CATV amplifiers and all varieties of communication 


and test equipment. 


These capacitors are available in three adjustment 
configurations: top tuning, side tuning for “in rack” 
adjustment and bottom tuning for “thru the board” 
adjustment. Three mounting configurations allow 
drop in replacement for other types of units. 


Lohanson> 


MANUFACTURING CORPORATION 
Rockaway Valley Road 


Boonton, N.J. 07005 


(201) 334-2676 TWX 710-987-8367 
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ANALOG EXTENSION. The AEU-1, a 
phase-correcting interface buffer, may 
be used between a DDS DSU and a 
synchronous modem, or between an 
unbuffered multiplex port of a high- 
speed (9600 bps) synchronous modem 
and one operating at the speed of the 
multiplexed port. The unit features 
analog extemsion of DDS circuits and of 
the unbuffered multiplexer output of a 
higher speed modem; as well as positive 
frequency and phase lock to DDS. 
General DataComm Industries Inc., 131 
Danbury Rc., Wilton, CT 06897. Phone 
(203) 762-0711. Circle No. 183 


TABLET INTERFACES. Interfacing Sum- 
magraphics™ data tablets to the Tektro- 
nix 4051 graphic calculator is possible 
with these cevices, enabling the transfer 
of X-Y coordinates to the calculator. All 
status bits, control functions, and 
handshaking signals are transmitted. 
Models conform to IEEE standards and 
can interface with HP calculators and the 
IBM 5100. HW-Series interface, $700; 
ID-Series interface, $450. Summagraph- 
ics Corp., Box 781, Fairfield, CT 06430. 
Phone (203) 384-1344. Circle No. 184 
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Telenetics’ 7516-01 is a complete Touch-Tone Decoder in a 2 cubic 
inch, 32 pin DIP. Telephone Standard 2-of-8 tones are received, 
processed and decoded into discrete 1-of-16 or BCD (plus strobe) 
outputs. Input signal ranges —22 to +4 dBm with a balanced, 
capacitively coupled, 50 KQ impedance. Operating voltage range is 
8 to 28V dc (single supply); temperature range —30 to 70°C. 


Telenetics 7516-01 gives you one-tenth the size at one-third the cost 
of comparable Touch-Tone Receivers. Telenetics also offers these 


Touch-Tone Encoders 
Address Selector 

A complete line of Multiplexers and Analog Switches 
Touch-Tone Keyboards 





PROGRAMMER. Programming, debug- 


ging and_ editing of Modicon 
programmable-controllers (PC) pro- 
grams are easier with the Universal 
Programming Panel (UPP) Model P140. 
The UPP, claimed to be the first CRT 
programming panel for on-line use, 
permits program editing of complete 
circuits on the CRT, while the PC runs. 
Once changes are made, a single button 
updates the PC program. Modicon 
Corp., Box 83, Shawsheen Village 
Station, Andover, MA 01810. Phone (817) 
475-4700. Circle No. 185 


| Actual Size 


Write or call today for a catalog—and pricing information: 


Telenetics, Inc., 4120 Birch Street, 
Newport Beach, California 92660 
Phone: (714) 752-6363 


*R-Registered trademark of AT&T 
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multi- m If you have a multi-conductor problem, just direct it to 
the wire company with multi-capability...design, eng!- 
conductor neering and efficient production. We have successfully 














ilit designed and manufactured multi-conductor cable of 
Capam y all types. No matter how unusual your requirements, 
: || our engineers can work with you to achieve the re- 

Ina sults you want...with the dependable high quality 
directions! that has made Victor the standard in wire, cable 


and cord sets. ™ Put our problem solving capa- 
bility to work for you. At Victor! Write or phone 
with your specifications. 

Victor Electric Wire & Cable Corp.,618 Main 
Street, West Warwick, Rhode Island 02893 
Tel.401 
821-1700 


TWX: 710- 
382-1534 













RECORDING SYSTEMS. Series SE 7000 
portable mag-tape instrumentation re- 
cording systems feature direct record/ 
reproduce bandwidths to 1 MHz with 
input sensitivity of 0.1 to 2.5V rms, 20 kQ 
input impedance, 750 output imped- 
ance and 1V rms output. The unit 
records pulse-code modulated (NRZ L) 
signals at rates to 1M bits/sec, is TTL 
compatible and has 8 switch-selectable 
speeds from 15/16 to 120 in./sec. $15,000. 
EMI Technology Inc., 20 Old Ridgebury 
Rd., Danbury, CT 06810. Phone (203) 
744-3500. Circle No. 186 
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D/A SYSTEM. Compatible with 
LSI-11 and PDP-11/03 «C’s, the Model 
600-LSI-11D consists of from 1 to 4 12-bit 
D/A converters on a single 5x8.5-in. 
board. A bus interface, dc/dc power 
converter, and scope control are also on 
the card. The scope control allows visual 
display of actual data without the display 
of extraneous data that normally occurs 
during DAC updating. $850 with 4 DAC’s. \ 
Adac Corp., 15 Cummings Park, Wo- : \ 
burn, MA 01801. Phone (617) 935-6668. wr 
Circle No. 187 
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MICROPR 
168-D records a history of up to 256 
memory accesses, beginning with a 
preselected 16-bit Start event and/or 
ending with a preselected 16-bit Stop 
event. Recorded information is pre- 
sented on a 9-in. CRT. A unique 
personality module for each type of uP 
connects the pP system with the 168-D 
(versions for 8080A and 6800 are available 
now). $5650, complete with one person- 
ality module and hookup cable. Bioma- 
tion Corp., 10411 Bubb Rd., Cupertino, 
CA 95014. Phone (408) 255-9500. 

Circle No. 188 


CHART RECEIVER/RECORDER for unat- 
tended CATV measurements, the 5 to 
400-MHz Model 9021 has a built-in timer 


Phase Lock like youve 


T=) olesyoat-) 
estorolbilonsloyeMestqaccys 


100 Hz resolution 
with phase-lock 


Wide deviation 
forme el 
carrier frequencies 


How do you make a great signal 


INSTRUMENTATION/POWER SOURCES 





(for 1/4, 1/2, 1 and 2-hr intervals) and 
provides 24-hr unattended operation 
from 1 full automotive-battery charge. It 
measures system frequency response, 
carrier levels by wide-band spectrum 
analysis and spurious signals by narrow- 
band spectrum analysis. DC supply 
current is 350 mA standby, 2.5A 
recording. $1895. Kay Elemetrics Corp., 
12 Maple Ave., Pine Brook, NJ 07058. 
Phone (201) 227-2000. _ Circle No. 189 


POCKET COUNTER. The Pocket Counter 
Ill features a 0.3-in., 7-digit LED readout, 
frequency range of 1 Hz to 10 MHz, 
better than 250-mV sensitivity and 
accuracy of 0.001% + 1 count. Four AA 
nickel-cadmium batteries power it for 8 
hrs. at 30% duty cycle. $189. Logic 
Technology Inc., 1950 Colony St., Mt. 
View, CA 94043. Phone (415) 967-1007. 
Circle No. 190 


SNAP-AROUND VOM. Model SPR-930 
features 3% accuracy from 50 to 400 Hz. 
Compact and rugged, it presents only 1 
range at a time. Ranges include 10 to 


nt nt 
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With the unprecedented phase-lock 


900A, 150 to 750V and 250 midscale. 
Case, leads, fused battery attachment for 
ohms, instructions and warranty are 


included. A.W. Sperry Instruments Inc., 


245 Marcus Blvd., Hauppauge, NY 11787. 
Phone (516) 231-7050. _—‘ Circle No. 191 





WIDE-BAND RF AMP. With a typical 3-dB 
bandwidth of 0.5 to 2500 MHz and 


output power of +17 dBm for 1-dB gain 
compression, Model 2101 can improve 
the sensitivity of RF measurement 
instruments and enhance the power 
capability of signal sources such as 
sweep and signal generators. Specs 
show 30-dB gain, flat within +1 dB to 
1000 MHz and +1.5 dB to 2400 MHz. 
$725. Delivery, 60 days ARO. Wavetek 
Indiana, Inc., 66 N. First Ave., Beech 
Grove, IN 46107. Phone (317) 783-3221. 
Circle No. 192 
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...exactly. (And virtually indefinitely.) 


stability of this new model 102D, you 
can be as specific as you like. Simply 
lock-in the desired frequency with 
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of the true locked output frequency with 
full 100 Hz resolution—even when the 
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reference from your frequency standard 
or other generator. 

No one else makes it that easy, even 
in generators selling for $2100 more. But 
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OEM PORTABLE RECORDER. The 
single-channel 102 XLA draws only 6W 
from a 12V dc source. Its stylus operates 
directly from the power source, and the 
position-feedback galvanometer pro- 
vides over-all accuracy of 1/2% of F.S. 
Thermal writing on 50-mm paper and 
immediate visibility of the trace are 
featured—along with dimensions of only 
4x6x6-1/4 in. $425. Astro-Med, Atlan- 
Tol Industrial Park, West Warwick, RI 
02893. Phone (401). 828-4000. 

Circle No. 193 


DUAL RECORDER/INTEGRATOR moni- 
tors the output of solar panels and 
similar devices for up to a month, 
unattended. The _ battery-powered 
Model R-2TL/101A/WP/B has 2 separate 
integrator channels, each with input 
ranges between 10 mV and 100V— 


together with a dual-channel recorder, 
6-digit counters and built-in calibration. 
Tecnico Electronics, Box 12, Marrickville, 
Sydney, Australia. 2204. Circle No. 194 





DISPLAY SCOPE. Its 12-in. CRT, anes 
bandwidth on X and Y axes, low-drift 
dual FET input and 1-mV sensitivity fit the 
DU-127 for sweep RF testing with 
frequency markers, and data display that 
requires Z-axis modulation. The unit 


measures 17X 9-1/2 X15-1/2 in. and weighs 
25 Ibs. $650. Delivery, 6 weeks ARO. 
Texscan Corp., 2446 N. Shadeland Ave., 
Indianapolis, IN 46219. Phone (317) 
357-8781. Circle No. 195 





The OEM MED- 


RECORDER/PRINTER. 
110 oscillographic recorder simultane- 
ously records analog signals and prints 
alphanumeric data: A thermal stylus 
performs the analog recording on 
rectilinear chart paper, while a thermal 
print head puts the alphanumeric data in 
the lower chart margin. Amplifier, power 
supply and transformer must be user 
supplied. Gulton Industries, Inc., East 
Greenwich, RI 02818. Phone (401) 
884-6800. Circle No. 196 
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Corp., Rt. 287 at Smith Rd., Parsippany, 
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PROFESSIONAL 
DISCOUNT 
PRICES 
AVAILABLE ON 


“© Texas 
Instruments 
Engineering 
Calculators 


PHONE TOLL-FREE 
800-638-8906 


FOR THE CURRENT LOW DISCOUNT PRICE 
OF THE LATEST MODEL TEXAS 
INSTRUMENTS CALCULATOR OF 

YOUR CHOICE 


Texas Instruments SR-52 


Programming power from Texas 
Instruments. Easy hand held 
programming for scientists, en- 
gineers, students — anyone who 
works with advanced mathemat- 
ics. Check these features: 224 
program locations, 20 address- 
able memory registers, 23 pre- 
programmed key functions, in- 
direct addressing, permanent 
program storage on magnetic 
cards. 


Texas Instruments SR-56 


More power from Texas Instru- 
ments. Hand held key program- 
mable calculator. 100 program 
Steps, 5 program levels (up to 
4 levels of subroutine may be 
defined). Easy single step edit- 
ing. Main features include 26 
preprogrammed key functions, 
10 addressable memory regis- 
ters, algebraic logic and 9 lev- 
els of parentheses. 


PC-100 las down printer; for a 
ar 


copy of your results; 
Step by step listing of programs, or ‘‘debug- 
ging’’ programs. The PC-100 printer may be 
used with the SR-56 or SR-52. 





OTHER MODELS AVAILABLE 
SR-50A, SR-51A, TI 255011, TI 250011, TI 5100 


ALL THE FAMOUS 
TEXAS INSTRUMENTS 
ELECTRONIC CALCULATORS 
ARE AVAILABLE AT DISCOUNT PRICES 


Mail and phone orders accepted. Master Charge 
and BankAmericard accepted. Add $2.50 per 
unit for shipping and handling. Maryland resi- 
dents add 4% sales tax. 


Use our toll free phone: 800-638-8906 (Mary- 
land residents phone: (301) 340-7200) to order 





INSTRUMENTATION/POWER SOURCES 





= 


MICROCIRCUIT PROBES. Designed for 


true 4-terminal resistance measurements 
on microcircuits when used with the 
Model 1700 digital ohmmeter, these are 
small enough to probe a pad only 20x 20 
mils in size. Probe tips are spring-loaded 
into a pen-sized holder for easy 
manipulation and simple replacement. 
They easily isolate pc-board slivers, 
shorts in 'C’s and open conductor 
Stripes under DIP’s. $95. Electro Scientif- 
ic Industries, Inc., 13900 N.W. Science 
Park Dr., Portland, OR 97229. Phone 
(503) 641-4141. Circle No. 197 





CAPACITOR-LEAKAGE TESTER. Model 
TPP-15 is intended specifically for 
Operation in conjunction with a 
mechanical-handling and routing ma- 
chine, forming a fully automatic system 
for the testing and binning of ceramic- 
capacitor chips by their dc leakage 
values. Chips are precharged with dc, 
tested to a programmed current limit, 
then discharged and routed to bins. 
$2450. Telepacific Electronics Co., Inc., 
Box 2210, Escondido, CA 92025. Phone 
(714) 744-4415. Circle No. 198 


MONITOR/SIMULATOR. The Pacer-103, 
a portable data-line unit, gives a 
first-hand look at the data stream at the 
RS-232 interface, displaying the results in 
a 32-char. alphanumeric window (and a 
2-char. hex display). In the monitor 
mode it captures and stores 1024 
transmitted or received characters on 
full- or half-duplex lines. In the simulate 
mode, it generates a variable test 
message that appears to the network as 
coming from a terminal or modem. 
$7400. Delivery, 120 days ARO. Digitech 
Data Industries, Inc., 66 Grove St., 
Ridgefield, CT 06877. Phone (203) 
438-3731. Circle No. 199 


Inuertron. AC POWER SOURCES 
ARE FIRST IN AVIONICS TESTING 


or for current discount quotations on the lead- 
ing brands of electronic calculators: Texas 
Instruments, Hewlett-Packard, Rockwell, Ricoh, 
Kingspoint, Corvus, Novus, and many more. 


THE GUARANTEE 


10 day money back trial. If you are not com- 
pletely satisfied you may return the Texas In- 
struments calculator you order within 10 days 
for a cash refund or charge cancellation. In 
addition Texas Instruments Inc. and Capital 
Calculator Co. Inc. warrant each calculator for 
a period of one year against defective parts 
and workmanship. 


For your 400 Hz/800 Hz power requirements you can rely on Invertron® 
single or three phase fully isolated power output with variable voltage and 
frequency to meet all Avionics Power Specifications. Invertron® features 
reliability and flexibility which is unsurpassed for today’s use or tomorrow. 
For other frequencies and power to 30 KVA, 21 models of Plug-in oscillators 
and 16 models of amplifiers are available. Learn more about the oldest and 


most respected name in AC Power 

ne BROCHURE WRITE: Aiken In dustri e S 
California Instruments 

Division 


5150 Conwoy Street, San Diego, California 92111 
For more information, Circle No. 60 


Capital Calculator Company 


= 


701 East Gude Drive 
Rockville, Maryland 20850 


Phone: (714) 279-8620 Telex: 695047 
See EEM Pgs. 1.1164, 1.1165 





For more information, Circle No. 59 
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1C’S/SEMICONDUCTORS 








Lie ee 


IC’S. Combinations of 
circuits from this IC family allow games 
with multiple balls, multiple walls, 
multiple players and obstacles. The chips 
can serve for simple tennis and hockey 
or for more intricate games suchas race, 
battle, complex soccer, pool, and pin 
ball. The first 6 circuits—to be supple- 
mented by new IC’s—include the 
SN76423 (game logic with automatic- 
random English), SN76427 (wall and ball 
generator) and SN76460 (0 to win at 20 
digital scoring). SN76423, $1.25; 
SN76427, $1.53; SN76460, $4.54 (100). 
Texas Instruments Inc., Box 5012, M/S 
308, Dallas, TX 75222. Phone (214) 
238-2481. Circle No. 200 


DISPLAY DRIVERS. Models DS8871, 
8872, 8873 and 8977 bipolar IC’s can 
interface between MOS calculator cir- 
cuits and common-cathode LED displays 
with digit current to 40 mA. DS8871 is an 
8-digit driver; DS8872, a 9-digit driver; 
and DS8873, a 9-digit driver with a 
built-in battery-condition indicator. 
DS8977 is a 7-digit version of the DS8873. 
8871, $1.40; 8873, $1.60 (100). National 
Semiconductor Corp., 2900 Semicon- 
ductor Dr., Santa Clara, CA 95051. Phone 
(408) 732-5000. Circle No. 201 





BIPOLAR uP. This fixed-instruction set, 
high-speed pP, the 8x300, is intended 
for control applications (such as periph- 
eral controllers, CRT terminals and video 


games) and designed with a_ dual- 
purpose address-data bus partitioned 





into a right and left bank. The simple 
double-operand instruction set makes 
the chip suitable for use in a CPU where 
8-bit parallel data can be accessed and 
processed in a single 250-nsec instruc- 
tion cycle. $86.75 (100). Signetics, 811 E. 
Arques Ave., Sunnyvale, CA 94086. 
Phone (714) 739-7700. — Circle No. 202 


REGISTER STACK. The 9405A 
arithmetic-logic register stack (ALRS), an 
addition to the Macrologic 4-bit slice 
family, is said to be the fastest 4-bit TTL 
slice currently available and is guaran- 
teed to operate with a 75-nsec clock 
period—30 nsec faster than the nearest 
competitive circuits. The register stack 
utilizes a 2-address architecture, in 


which addresses are multiplexed. $12 
(100). Fairchild Camera and Instrument 
Corp., 464 Ellis St., Mt. View, CA 94042. 
Circle No. 203 


Phone (415) 962-3816. 





STOPWATCH CIRCUITS. The DF213 and 
214, said to be the first digital stopwatch 
IC’s that operate as dual timing systems, 
allow a_ single electronic stopwatch 
(operated from a standard 3.2768-MHz 
crystal) to replace 2 conventional 
stopwatches in sports and engineering 
applications. The DF213 clocks up to 
59:59.99 min., “rolls over’’ to zero and 
continues to count; the DF214 clocks up 


to 99.999 min., goes to zero and 
continues to count. DF213 or 214, $9.80 


(100). Siliconix, 2201 Laurelwood Rd., 
Santa Clara, CA 95054. Phone (408) 
246-8000. Circle No. 204 











MS C Low Cost 


Voice Readout 
System (VRS) 





Solid-State Voice... 


Up to 16 Natural-Sounding 
Words Per Circuit Board 


The MSC Model 1700 Voice Sys- 
tem contains everything for up to 
16 words of high-fidelity voice 
readout on one circuit board. A 
second circuit board may be 
added to increase vocabulary up 
to 32 words. The system may be 
purchased as a circuit board only 
Or provided with an enclosed 
package. 


Each word is stored in a Reaa- 
Only Memory (ROM). The result of 
this whole word storage is a voice 
so natural-sounding, it is difficult 
to distinguish it from the original 
recording. It is a simple matter to 
access each ROM to call up the 
words in the sequence required 
for the desired message, without 
complicated programming. 


The Model 1700 accepts either 
binary address or 10 mutually ex- 
clusive switch closures. 

Write for descriptive data sheet now! 


M 5 eMASTER 


SPECIALTIES 
COMPANY 

1640 Monrovia, Costa Mesa, California 92627 

Phone (Area Code 714) 642-2427 


For more information, Circle No. 61 
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INTERNATIONAL’S 


CRYSTAL 
OSCILLATOR 















ELEMENTS 


A Complete Controlled Signal Source 
from 6000 KHz to 60 MHz 


The MOE series is designed for direct 
plug-in to a standard dip socket. The 
miniature oscillator element is a com- 
plete source, crystal controlled, in an 
integrated circuit 14 pin dual-in-line 
package with a height of 12 inch. 


Oscillators are grouped by frequency and 
temperature stability thus giving the user 
a selection of the overall accuracy 
desired. Operating voltage 6 vdc. Output 
wave shape — non sine. 


MOE-5 
Crystal Range 
6000 KHz to 60 MHz 
OVERALL ACCURACY 
+.002% -10° to + 60°C 
25°C Tolerance 
Zero Trimmer 
$35.00 


MOE-10 
Crystal Range 
6000 KHz to 60 MHz 
Overall Accuracy 
+.0005% -10° to 60°C 
25°C Tolerance 
Zero Trimmer 
$50.00 


International Crystal Manufacturing Company, Inc. 
10 North Lee, Oklahoma City, Oklahoma 73102 


For more information, Circle No. 62 
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DIGITAL VOLTMETER. The LD130, a 
CMOS device claimed to be the first 
3-digit IC DVM, maintains typical 
accuracy of +0.1% +1 count with 
standard 10%-tolerance RC components 
and a single reference, which can be 
established by a standard zener. A single 
or split 10V supply may be used. The 
18-pin DIP also provides automatic 
polarity reversal and range-changing. 
Automatic zeroing intervals are featured. 
$8.75 (100). Siliconix, 2201 Laurelwood 
Rd., Santa Clara, CA 95054. Phone (408) 
246-8000. Circle No. 205 


LINE DRIVER. Dual line driver 7150 
interfaces data terminals and communi- 
cations equipment per RS-232C. Using 
this circuit, a rate of 20,000 bps can be 
transmitted with a full 2500-pF load. The 
input is TTL and DTL compatible, and 
operation is from +12 and —12V 
supplies. Ceramic DIP 75150DC, $2.07; 
plastic DIP 75150PC, $1.72; ceramic 
mini-DIP 75150RC, $2; plastic mini-DIP 
751501TC, $1.67 (100). Fairchild Camera 
and Instrument Corp., 464 Ellis St., Mt. 
View, CA 94042. Phone (415) 962-3816. 
Circle No. 206 


POWER FET’S. A series of 6 VMOS 
MOSPOWER™ FET’s become fully linear 
at 400 mA and remain so to over 2A. One 
CMOS output can control 100 MOS- 
POWER transistors. VMP 1, 11 and 21 are 
25W general-purpose power FET’s; VMP 
2, 12 and 22 are 4W FET’s. The units, 
which can replace Darlingtons, are 
spec’d for max. continuous drain current 
of 2A (VMP 1) and switching speed of 4 
nsec, and have breakdown ratings from 
35 to 90V. $3.60-$8.10 (100). Siliconix, 
2201 Laurelwood Rd., Santa Clara, CA 
95054. Phone (408) 246-8000. 

Circle No. 207 


Le 


A New High in Stability 


Centre Engineering has met the challenge of providing ultra-high 
reliable sub-minature ceramic capacitors for the space programs. Now, 
design engineers in the tele-communications, computer and instrumen- 
tation industries can have ceramic capacitors in high volume for low 
cost applications, using the same processes and manufacturing tech- 


niques from Centre Engineering. 


Ceramic capacitors are available in 40 various formulations with a 
capacity range of 1pf to 10mfd. For applications requiring large volume, 
low cost ceramic capacitors consider Centre Engineering. Catalog 
available upon request. 


ce CENTRE ENGINEERING 


2820 E. COLLEGE AVE., STATE COLLEGE, PA. 16801 
814—237-0321 m TWX 510—670-3517 





For more information, Circle No. 63 
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MIL-RANGE FPLA’S. Both the S82S100 
tri-state output device and the S82S101 
open-collector version feature single 
5V-supply operation, 80-nsec max. 
access time and 48 product terms. Their 
16x8 I/O configuration allows direct 
manipulation of 2 data bytes and 
provides the capability to scan a 
65k-word address field. A chip-enable 
input eases the expansion of input and 
product terms. The MIL-STD-883B pro- 
cessed units come in 28-pin, ceramic 
DIP’s. S82S100, $48; S82S101, $54.25 
(100). Signetics, 811 E. Arques Ave., 
Sunnyvale, CA 94086. Phone (408) 
739-7700. Circle No. 208 


8-BIT REGISTERS. These low-power 
SIPO shift registers have tri-state outputs 
and offer 4 operation modes: hold, shift 
left, shift right and load data. Am25LS23 
has a synchronous clear function; 
Am25LS299, an asynchronous clear. The 
Am54/74LS299 is a reduced-performance 
version of the Am25LS299. All units are 
spec’d for commercial and military 
temperatures and come in molded and 
hermetic DIP’s. $4.30-$8.35 (100). Ad- 


vanced Micro Devices Inc., 901 Thomp- 
son Pl., Sunnyvale, CA 94086. Phone 
Circle No. 209 


(408) 732-2400. 






ee = 
FET ANALOG GATES. Capable of 
switching up to +10V signals directly 
from DTL or TTL and providing high 
logic-noise immunity (typically 1V), 
these 2 general-purpose quad FET gates 
turn off faster than they turn on, 
allowing multiplexing without shorting. 
Models. CAG-50D and 50T provide the 
advantages of small size and full military 
temperature range. 50D or 50T, $29 (100). 
Teledyne Crystalonics, 147 Sherman St., 
Cambridge, MA 02140. Phone (617) 
491-1670. Circle No. 210 


General Electric 
wedge base lamps can 
save time space, money. 


These lamps are ideal for applications such as indicators, 
markers and general illumination where space is at a pre- 
mium. Their wedge-based construction makes them easy to 
insert and remove. They don’t require bulky, complicated 
sockets. And because the filament is always positioned the 
same in relation to the base, you get consistent illumination 
from lamp to lamp. 


You can choose from over 25 types of GE wedge base lamps. Voltages range 
from 6.3 V to 28 V. Candlepower from 0.03 to 12 cd. Bulb sizes range from 
subminiature at 6mm to a heavy-duty bulb at 15mm. 


To send for updated wedge base lamp technical information, circle number 
below or write GE for Bulletin #3-5259. 











Check these 6 halogen cycle lamps 
GE has added to its low-voltage line. 


General Electric now offers over 27 
halogen cycle lamps that pack high 
light output in small packages. (In 
addition, GE offers 8 sealed beam 
halogen lamps primarily for aircraft 
applications.) Bulb diameters range 
from %” to #2”. Lengths from .520” 
to 2.25”. Voltages from 3.5 to 28. 
O.V. And candlepower from 2.15 cd 
up to 250 cd. 


They’re ideal for you if you’re de- 
signing applications such as optical 
systems, instrumentation, illumina- 
tors, fiber optics, card readers, dis- 
plays and aircraft navigation. A 
variety of terminals are offered. 


For updated technical information circle the number below or write GE for 
Bulletin #3-5357. 





These three free GE catalogs include 
important data changes that could affect 
your present design. Send for yours today. 


Seema 3 2 3. 2 


#3-6254R 
Dec. '74 Glow Lamp catalog fea- 
tures 8 pages and 50 changes 
for 83 Glow Lamp Indicator and 
Circuit Component lamps. 





#3-6252R1 


Feb. '75 Sub-miniature lamp 
catalog features 24 pages and 
91 changes for more than 210 
lamps. 


June '75 Miniature lamp catalog 
features 40 pages and 500 data 
changes for complete 500-lamp 
line. 


For up-to-date technical information on any of these items write: General 
Electric Company, Miniature Lamp Products Department #3382-K, Nela Park, 
Cleveland, Ohio 44112. 


GENERAL @@ ELECTRIC 


For more information, Circle No. 64 
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MODULES/SUBASSEMBLIES 








DECODE 





MULTIPLEXERS. Providing 20V_ input- 
overvoltage protection, Model MPC4D 
(4-channel differential) and Model 
MPC8S (single-ended 8-channel) both 
feature CMOS construction for low 
power dissipation of 7.5 mW standby 
and 15 mW at 100 kHz. Both units 
employ break-before-make switching; 
and provide sampling rates to 200 kHz, 
500-nsec typical access time, and 
accuracy compatible with 12-bit systems. 
$14. Burr-Brown, International Airport 
Industrial Park, Tucson, AZ 85734. Phone 
(602) 294-1431. Circle No. 211 













shooting. 
Features: _ 
Data Domain 


e 32 bit wide x 256 word long built-in memory 


system. 


@ Start or end trigger hexadecimal address, stored 
data displayed on a 6 digit hexadecimal display. 
® Optional printer output available. 


Time Domain 


@ Real time analog scope display of micro processor 
bus information up to 32 separate channels. 

@ Rapid time domain response of the analog channels 
allows the system rise/fall time and pulse timing In- 
formation to be readily observed. Write or call. 


DAVCO MANUFACTURING CO. 
alM|| 169 Ridgedale Ave., Morristown, N.J. 07960 


(201) 267-4990 


For more information, Circle No. 65 
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Now a simple, reliable, easy 
to operate logic/waveform an- 
alyzer for “ computer system 
development 


D/A, A/D. Model DBK, a 12-bit D/A 
designed to meet MIL-M-28787, allows 
+4-LSB accuracy and comes in 3 voltage 
ranges (12, 5 and 2.5V, unipolar or 
bipolar) with voltage output settling in < 
3 psec; Current output settles in 600 
usec. Model DBL, in conjunction with 
Model DBK, provides the successive- 
approximation logic to allow a 12-bit A/D 
conversion in 6.6 wsec. Raytheon Co., 
Submarine Signal Div., W. Main Rd., 
Portsmouth, RI 02871. Phone (401) 
847-8000. Circle No. 212 





on the same board as the IC’s powered, 
these devices, mounted in 24-pin DIP’s, 
provide +12V or +12V and —5V from a 
5V input (aso available for 12V inputs), 
drawing 1W max. Claiming typical 
efficiency of 65%, the V-PAC family 


and__ trouble 





DC/DC. Allowing the power source to sit 


WL 


Star Performers 


Our 10.7 and 21.4 MHz standard 
monolithic crystal filters are get- 
ting standing ovations. These 
models — over 50 — will perform 
for you, too. Like a review? Just 
write or call. 


The Standard in Monolithic Crystal Filters 





Piezo Technology Inc. 
2525 Shader Road, Orlando, FI. 305-298-2000 


For more information, Circle No. 66 


features 30-mV p-p output ripple and 
noise (over 20 Hz to 20 MHz), 0.3% load 
regulation, and +5% output tolerance. 
$38.20. Reliability, Inc., 5325 Glenmont, 
Houston, TX 77036. Phone (713) 666- 
3261. 


Circle No. 213 





V/F. Available in 3 frequency ranges (10, 
20 and 100 kHz), 12 models of the 8001 
family provide 13-bit resolution, max. 
offset TC of 20 pV/°C, max. gain TC of 50 
ppm/°C, and linearities to within 0.025% 
of F.S. max. Operating from a +15V 
supply, these converters output a string 
of fixed-width, logic-compatible pulses 
at a rate proportional to the analog 
input. Price, below $30. Dynamic 
Measurements Corp., 6 Lowell Ave., 
Winchester, MA 01890. Phone (617) 
729-7870. Circle No. 214 
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AMP/BIAS OSCILLATOR. Dual-purpose 
Model 34, suitable for use in general- 
purpose signal-processing and audio 
applications, provides a 34-dB gain over 
the frequency range of 20 Hz to 20 kHz 
(+2 dB) with 0.25% THD (+18 dBm). The 
unit, housed in a 1-in. diameter, 2-in. 
high octal plug-in, also can output 20V 
rms through a 1-kQ load when operating 
as a 100-kHz oscillator. $20. Opamp Labs 
Inc., 1033 N. Sycamore Ave., Los 
Angeles, CA 90038. Phone (213) 934-3566. 

Circle No. 215 


MATH MODULE. Internal programming 
dictates which function the Model A-733} 
will perform: multiplication, division, 
square root, squares or powers. With 
minimal external circuitry, the unit also 
handles true-RMS, absolute-value or 
vector-magnitude functions. Input level 
may range from 100 mV to 10V, keeping 
processing errors below 0.5% F.S. 
without external trimming. $70. Intech 
Inc., 282 Brokaw Rd., Santa Clara, CA 
95050. Phone (408) 244-0500. 

Circle No. 216 


LINE REGULATORS. With their 98% 
efficiency providing significant power 
savings and reduced heat dissipation, 
the 75-Series regulators protect against 
line voltages that dip 20% below normal, 
while regulating output to within +5% of 
nominal. These devices correct varia- 
tions in <1 cycle, limit THD to <0.1%, 
and come with power ratings from 600 
VA through 20 kVA (16), and 6 kVA 
through 100 kVA (3). Prices from $265. 
Topaz Electronics, 3855 Ruffin Rd., San 
Diego, CA 92123. Phone (714) 279-0111. 

Circle No. 217 





Agnes, for one minute will you try to forget 
CAPAR'’s Tantalum Dips? | know CAPAR’s 
got one of the largest inventories and 
their products are reliable and their 
service is great. But there is a time and 
place for everything. 













Henry, get off 
my foot. 





It’s hard for some people 
to put CAPAR’s Tantalum 
Dips out of their thoughts. 
Because for an application 
that requires low cost, high 
capacitance, and small size 
tantalums, there are none 
quite like CAPAR’s. 

Our tantalum Dips are 
manufactured for high 
reliability (from —55°C to 
+ 85°C) at low cost. Their 
electrostatic epoxy powder 
coating ensures protection 
from severe moisture. 

CAPAR has one of the 
largest inventories of 
tantalums in the industry. And that’s not all. We 
manutacture radial and axial aluminum electrolytics, 
radial polyester film capacitors, radial and axial 
metallized film capacitors and carbon film resistors. 

Why not send for more information about our com- 
plete line of components? Once 
you ve tried us, we know you'll 
like us. 

















PAR 


COMPONENTS 203 crosswa ve. Meee | 
ys Park Drive, Woodbury, New York 11797: 
CORPORATION Telephone (516) 364-2610: (800) 645-7474: Telex No. 144678 


For more information, Circle No. 67 
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ort 


an ARMCO “ 


a 


or cold, CHR’s family of TEMP- 
R-TAPE of Kapton provides out- 
standing endurance. They retain 
their excellent mechanical and 
electrical properties over a wide 
temperature range, —100 to 
+500F. 

Available in thicknesses from 
001” to .0045” with a choice of 
several adhesive systems includ- 
ing two sides. 

Find your CHR distributor in 
the Yellow Pages under “Tapes, 
Industrial” or in industrial direc- 
tories. Or write for complete 
specification kit and sample. The 
Connecticut Hard Rubber Com- 
pany, New Haven, Conn. 06509. 


an ARMCO company 


For more information, Circle No. 68 
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LITERATURE 


OATEL. 

STSTEME INS 
ENGINEERING 
PRODUCT 


HANDBOOK 


CONVERTER MODULES. Beginning with 
a 13-pg. tutcrial on the principles of data 
acquisition and conversion, this 288-pg. 
engineering-products handbook gives 
detailed application material for many of 
the modules and instruments listed, and 
provides perameter-comparison charts 
for easy module comparison and 
selection. Datel Systems, Inc., 1020 
Turnpike St., Canton, MA 02021. 
Circle No. 218 


POWER SUPPLY efficiency as it relates to 
heat and reliability is thoroughly 
explored in this 6-pg. reprint of a 


technical article. Numerous sample 
calculations, warnings and hints are 
included, giving the system designer 






















| | REDUCE COSTS... 
||| SPEED UP ASSEMBLY WITH 


TECCOR’S 


ELECTRICALLY ISOLATED ) 





Many of Teccor’s triacs offer the option of a 
built-in trigger diac which increases circuit 
reliability and reduces component and cir- 
cuit assembly costs. All Teccor triacs have 


practical rule-of-thumb guidelines to- 
ward achieving effective thermal man- 
agement. Semiconductor Circuits, Inc., 
306 River St., Haverhill, MA 01830. 

Circle No. 219 


SEMICONDUCTORS. A 40-pg._ short- 
form catalog describes ITT’s complete 
line of more than 2000 solid-state 
products. It lists electrical characteris- 
tics; package dimensions; charts and 
ordering data for linear, TTL and MOS 
IC’s; interface circuits, and custom and 
discrete devices. ITT Semiconductors, 74 
Commerce Way, Woburn, MA 01801. 

Circle No. 220 


THERMISTORS. Manual L-7 is designed 
specifically to assist engineers in the use 
of thermistors operated in the self-heat 
mode. It complements the discussion 
with detailed graphics, charts, working 
tables and practical solutions and/or 
answers to real-life problems. Units 
suitable for operation in the self-heat 
mode are also listed, along with their E-| 
curves. Fenwal Electronics, 63 Fountain 
St., Framingham, MA 01701. 

Circle No. 221 
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heavily glass passivated junctions and are 
undamaged by high voltage transients, thus 


available. 





assuring long device life. A wide selection of 
packages, current and voltage ratings are 


“\freccor 


TECCOR ELECTRONICS, INC. 





(formerly ECC Corporation) 
P.O BOX 669 EULESS, TEXAS 76039 817/267-2601 


For more information, Circle No. 69 
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PANEL DESIGN. This layout-design 
guide discusses such considerations as: 


Operator requirements, environmental | 


factors, manual controls, visual displays 
and maintainability. Attention is also 
paid to ‘‘preferred’” vs. ‘“‘poor’’ design 
and to typ. layout considerations. Use of 
color in panel and control housing, 
coding and illumination is covered as 
well. The brochure concludes with a 
section on graphics. Micro Switch, 11 W. 
Spring St., Freeport, IL 61032. 

Circle No. 222 


LAMPS. Catalog 3-6016 contains specs 
and drawings on 194 different subminia- 
ture lamps, plus factors to consider in 





application. Also included are a section 
explaining halogen-cycle lamps and their 
advantages, a photo illustrating filament 
notching, drawings re-done in a more 
clear and sharp format, and lamp charts 
brought together on 1 pg. for easy 
reference. General Electric Co., Nela 
Park, Cleveland, OH 44112. 

Circle No. 223 


DATA CONVERTERS. Two 8-pg. applica- 
tion notes list parameter definitions and 
error-calculation methods for A/D’s 
(Bulletin AN-24) and D/A’s (AN-25). 
These booklets also detail parameter- 
testing techniques the reader can 
duplicate on his own units. Teledyne 
Philbrick, Allied Dr. at Rte. 128, Dedham, 
MA 02026. Circle No. 224 


FREQUENCY STABILITY. “Three Tech- 
niques for Measuring and Interpreting 
Short-Term Frequency Stability,’’ an 
8-pg. applications bulletin, deals with 
microwave signal sources. After briefly 
discussing the nature of short-term 
instability, the author focuses on 


phase jitter. He then describes and 
analyzes practical methods employing 
each parameter in turn. Communication 
Techniques, Inc., 1279 Rte. 46, Parsip- 
pany, NJ 07054. Circle No. 225 


RELAYS. An extremely broad line of units 
is discussed in this catalog of time-delay 
relays. Contained in the 28-pg. brochure 
are application data, delay-function 
descriptions, selection guides and di- 
mension drawings. Complete specs are 
given for solid-state hybrid, mercury- 
displacement, pc, thermal, dashpot and 
extended-delay type units. Magnecraft 
Electric Co., 5575 N. Lynch Ave., 
Chicago, IL 60630. Circle No. 226 


PRINTERS. This 6-pg. document (which 
includes 8 photographs) lists specifica- 
tions and functions, options and 
accessories, as well as mechanical and 
electrical characteristics of the Sprint 
Micro 3 family. The brochure also details 
features of the WideTrack model, the 
only character printer available with a 
26-in. wide carriage/platen. Qume, 2323 
Industrial Parkway W., Hayward, CA 
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“Light” your 

gas discharge 
displays from 

low voltage 


DC lines 
with 


DC-to-DC 







Power Supplies % 


When you must convert low 
DC line voltages to nominal 
200 or 250 V DC levels in order 
to activate gas discharge dis- 
plays, ask us to recommend 
the DC-to-DC power supply 
that’s right for your applica- 
tion. 
Various models available: 
® Standard inputs—5, 9, 12, 
15 V DC; others under 
5 V DC and up to 48 V DC. 
= For seven-segment and 
matrix-type displays. 


Write for 
free 
literature: 





to match 


the 


= Regulated and unregulated. 
#® Single and dual output, 
capable of up to 12 W total. 
® Outputs from 5 V to 
1500 V DC. 


Compact size and light weight 
help give easy portability to 
equipment in which they are 
used! 


Need custom designed power 
supplies for your gas dis- 
Charge displays? Ask about 
our custom engineering and 
production capabilities. 


ENDICOTT COIL 


27 Charlotte St., Binghamton, N.Y. 
13905 (607) 797-1263 
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residual FM noise, SSB phase noise and 


cassette transports starting at 


94545. Circle No. 227 





All-new Phi-Deck; 
precision remote controlled 






under $100! 


Featuring: 

Re-engineered precision parts 
New cast frames 

4 motor reliability 

Remotely controlled 

Precise, fast head 
engage/disengage 

¢ Quick braking 

- Various speed ranges 

























Electronic packages for control or read/write 










For application In: 6. Data duplicating 

1. Micro processing 7. Security/automatic warning 

2. Data systems 
recording/logging/storage 8. Test applications 

3. Programming 9. Audio visual/education 

4. Instrumentation 10. Hi-Fi 

5. Industrial Control 11. Others 
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Q 


© 
Triple! A Division of The Economy Co. 


hi 1901 North Walnut P.O. Box 25308 
Oklahoma City, Oklahoma 73125 (405) 521-9000 


O | am interested in application no. 
1) Have Representative call 0 Send application notes 
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Company Name 
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CSC’S NEW DESIGN-MAIE 4. 
AN 8-FUNCTION LAB-PRECISION DIGITAL 
PULSE GENERATOR FOR ONIY $124.95. 


Wherever you need crisp, clean, fast output pulses compatible with 
virtually all logic families and discrete circuits, Design- Mate™ 4 
is the logical choice. It produces sym- {ee i 
metrical and unsymmetrical pulses § 
ranging from 0.5Hz to 5MHz.And has 
a100mV—10V variable output, with 
rise/fall times of less than 30 nano- 
seconds plus TTL sink output for up 
to 40 loads. Pulse width and spacing 
are independently-controllable from 
100 nanoseconds to 1 second (107:1 
duty cycle) in seven overlapping 
ranges. And with the DM-4 you can & 
select continuous operation, man- 
ual one-shot or external triggering to “ 
1OMHz with synchronous output cae And a lot more. 
Which adds up to a high quality clock source, delayed pulse 
generator, synchronous clock source, manual system stepper, 
pulse stretcher, etcetera, etcetera, etcetera... 
minus the ‘high quality’ price tag. 


For more information, see your CSC dealer. Or write for our catalog and distributor list. 
CONTINENTAL SPECIALTIES CORPORATION 












Ss 
iy * SENOS 


“EASY DOES IT 


44 Kendall Street, Box 1942 
New Haven, CT 06509 e 203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809, San Francisco, CA 
94119 e 415-421-8872 TWX: 910-372-7992 
Canada: Len Finkler Ltd., Ontaric 
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180-PAGE 
GENERAL 
CATALOG 
No. 90 


THE HARRINGTON & KING 
PERFORATING CoO., INC. 


CHICAGO OFFICE EASTERN DIVISION 
5650 Fillmore Street E. Crescen: Ave. at Arrow Rd. 
Chicago, Illinois 60644 Ramsey, New Jersey 07446 
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LITERATURE 





LINEAR POWER. Wide-band Class A 


laboratory power amplifiers that provide 
1 to 20W of output and cover frequency 
decades of 5 to 500 MHz, 100 to 1000 
MHz and octaves from 500 MHz to 4.2 
GHz are the subject of the 4-pg. ‘Tech 
Data 901-B.’’ Block diagrams and 
application notes aid in understanding 
the product descriptions and specifica- 
tions. Microwave Power Devices, Inc., 
Adams Court, Plainview, NY 11803. 

Circle No. 228 


LOGIC-STATE ANALYZERS. The 6-pg. 
AN 167-13 describes the role of these 
devices in the design of microproces- 
sor-based systems. Intended for the 
reader familiar with basic logic-state 
analysis, it provides additional infor- 
mation on real-time problem solving, 
particularly regarding pP’s. Included are 
sample display patterns, photographs, a 
flow chart, schematic diagrams and a 
bibliography. Hewlett-Packard Co., 1501 
Page Mill Rd., Palo Alto, CA 94304. 

Circle No. 229 


TAPE TRANSPORTS. A 20-pg. booklet 
provides data for the design, preparation 
and_ installation of an interface for 
Pertec’s 48V dc digital magnetic-tape 
transports. Information is included for 
both phase-encoded (PE) and non- 
return-to-zero (NRZI) units. Also fea- 
tured are 15 illustrations and 7 tables. 
Pertec Corp., 9600 Irondale Ave., 
Chatsworth, CA 91311. Circle No. 230 


BATTERIES. User benefits provided 
through use of ‘‘Gel/Cell’’ batteries are 
one feature of this catalog. In addition to 
listing specs for 30 battery types, the 
brochure also includes current-vs.-time 
charts and discharge curves to help users 
match a device to its application. 
Battery-size and terminal diagrams are 
featured, as well as discussions on 
available chargers and power packs. 
Globe-Union, Inc., 5757 N. Green Bay 
Ave., Milwaukee, WI 53201. 

Circle No. 231 
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a powertul, rugged, 
quad output, 

high performance, 
regulated DC isolated, 
short circuit protected, 
overvoltage protected, 
logic gated, 

DC to DC converter | 
For less om 


than $100 


* ig 
In quantities of 100 or more. 



















Powercube® second generation off-the-shelf converters give 
you great flexibility in custom power module configurations with total out- 
put power up to 19 watts. All this in a 2”x2”"x1.15”" package weighing about 
about 6.5 ounces, your choice of standard input and output voltages. 
These Cirkitblock® modules are ideal for application to portable 
equipment, telephone related products, automotive and heavy equipment, 
and many other uses. Request product information today. 


POWERCUBE CORPORATION 


214 CALVARY STREET, WALTHAM, MASS. 02154 (617) 891-1830 
SUB SIDA R YY. O-F OO NI TR: O:0 Ee Coon P.O RAT bee 
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ALMOST UNIVERSAL SWITCH 


Reduce your design time with this 1/2” diameter rotary 
switch. 8 to 36 positions, depending on detents selected (11 
available, from 10° to 45°) allowing thousands of switching 
variations. Crisp, uniform ball and starwheel Unidex® detent. 
Double-wiping, self-cleaning, high-pressure contacts. 
Military types available. 


For additional information call your Oak sales office or 
contact Oak directly. 


OA K Industries Inc. 


SWITCH DIVISION /CRYSTAL LAKE, ILLINOIS 60014 


TELEPHONE: 815°459-S000 gs TWX:910°-634°3353 ge TELEX: 72+2447 
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Can a Computer Solve 
Your Factory’s Problems 
and Increase i 


Production and Inventory Management 
in the Computer Age 


Written by Oliver W. Wight, this book shows 
people in manufacturing management how 
computer-based material requirements 
planning can help reduce inventories, im- 
prove customer service, and better the 
response to marketing demands and the 
increases or decreases in business. Thus, the 
book describes how computers can achieve 
real growth and increase profits in your 
company. Short case studies illustrate 
specific techniques. Glossary. Bibliography. 
Index. 6X9 284 pp. 


— oe eee Ee eeaed — —_—— —_—_— ae 


Cahners Books, 221 Columbus Ave. 
Boston, MA 02116 














Please send: me __ copy(ies) of Production and Inventory Manage- 
ment in the Computer Age (PIWH) at $14.95 each. If not satisfied, I may 
return the book(s) within 15 days for full refund. 


[.] Enclosed is my check for $__~-. (Include 75c per book hndlg. 
chg. Publisher pays postage) 
[] Charge to my Master Charge Account Number 


(] Please bill, plus postage & hndlg. Mass. residents add 5% sales tax 


Name 
Phone 
Address 
City 
State/Zip 
Signature 


126 


OA 
MULTIDEX®—THE (ies 


Pe TN 8 Ee rage eso, ore on Seay a 36-37 
Per TOTRETTIOTNES. WC e oo 2 on RAN 33 
PP OW Fr ria, Gea gs oa hE RS 6 bp eh ARAL OO PD 95 
Pe ii ace ign to ays 9) wcalale Ne 20 
Erte VIROL DIV. = 2.5 ee rd owe Sele ee ake 14 
i pe ie ee ol 50-51 
BOO ETOCS COLD... 6. soe e ae ole ete pe yo 114-115 
eC Be ee a a el ee ete 58 
Welk CP OHS 0 bb sk bce oe a cl es Se eee ee 116 
Rate ens COD. ek hace ee el ee wee 121 
Ba EO ie a es ew aren eee 116 
CMEC MIAO TIIIG Oe SILC COs a okies ele, eae ween gs 94 
Re ee ee gs we pe is 118 
Chicago Miniature Lamp Works ............60.0%. 34 
SIE OR el ee koe 8 ae es ] 
Reiser TIOGUCIS COPD. i ee a eee 111 
Conner rir tara REDUCE CO. oc as 5 o's din hiv ween ai 122 
Carcrenr apeciaities GOL. . 5, 6 us ke ee he ees 124 
Rr ee bw ewe bee 70 
Ct ee re ye ce wine ers eos nee eet eras 82 
RPE Pee Le i Sea ec SORES 44-45 
Re i OR ad a ee 120 
I yo pre ele Kile we busca, oe 89/ 
SRE a i 8 Se aw a ou hoe pg ee 48 
BE EOS See TE ARS SP NL ue SU mae og SRDS aS A 85 
Dranetz Enegmeering Labs: Inc ios ei eo eA 64 
Ore ee es re SS OA, Sie 35 
Electronic Memories and Magnetics Corp. .......... 72 
a a eck gone Ewe 123 
General Electric Co., Miniature Lamp Products Dept.... 119 
feereral eerie 1.0, Patel Meters se ea ee oy 60-61 
Keenerdl Glecric. Semiconductor. ~~. Lee i 
ae ee ee eS PE hoe A ee 93 
Cilardian Wiech Vine CO. a ee TD Bis Clll 
Harrington & King Perforating Co., Inc............. 124 
Pete OCLC 0 ie ed Be Sa 10 
PrN a es Boe le Ge eS Sig Se eS 2, od 
Rive Rec So Shaws 3 a ee 89 
Maia fed Thstruction, INCL: oa. ek eee es ta 
PN a pa eine «ha ee ao 4-5 
iternaconal Crysial Mig: Cos ince oe Se oe 118 
DUO Nai Cra ee ane Qos bee eee 74 
Unter stare piectronics COIO, , oS oe eR, 28 
PE e Rc OMOR IO RANOUD. i oS Seite kn i cay Ne 12 
Br, Pye ca any cet wid (os wie tee Ti2 
eM Ra ee ee tee eee eee BY 
RI RRG ER IGS ORS ope re Re ua a Se eae ae ere or TA Cll 
Are FCI ORIOS 6 Se a 8 rs oe 97-110 
ee ee a a ke ee hale eee ee be 2s 
RAMEE TIOS Cy eS ako h k hi W acwlate Olnue 149 
NE I ee ee ew eae Waa ema a ee 
WENO OS ite ie ey Sais Senna ents 73 
MO MILOlLa DEMNICONGUCIONS. 65 oe Pe eee dies 18-19 
IS GE Me er eh ee gl ly y ebaterter a cca sh phen alias 6-7 
(Pak WIOUSIIOS (NG. phate’. tere la weet ws 126 
Philips Test & Measuring Instruments, Inc. .......... 26 
PIOCOsreeDUIOme NIC. soit Otay pal Jlrs 120 
Piers Se es eR PA Ti eS 
ars MIRREN eo kA A bao a sae 17, CIV 
SNE NM oe i aE ay Noa gs o's mpisenn's Oey 80 
Pe CO ig ae hac os Be eke aes Oa re Bi iae bP Ae 16 
I ei NL Se ync acd oc oe ves SpE tee eee a 31 
rene tre iG Or ee te nS og aes 91 
DIO WAL WV RIAIOr PHIGEOCHIGUILS ooSoic pics 2 ee ede eS zy 
REMI Be ge oye Sho gab oa had we eisl 4 ES 94 
Pree PIPES INC. nd wishes oe go oe Oe 122 
TMM A ye I Er ee Gee SG gh gn aval aera 12 
CKGG AISPETIGTS IGS ons i sb oS Se CAE OES 8-9 
Fe ACR COMNOCIOIS. 2 oS Sis res 49 
‘ER Wi Power Semiconductors 23. Se ee iS 28 eeree = 
FRWARE SeniConncien ss onc ee wai Sy eee §2 
Victor electne. Wire:and Cable Corp. ..0 2 oc cn ed a es 113 
POU ERO ee SR eels SI Re Be Re ee 11 


EDN NOVEMBER 5, 1976 





ANOTHER MYTH 
EXPLODED: 





Solenoid 


v2 =~ OAM solenoids are NOT created equal. 


















New Uni-Guard II molded bobbin and coil covers are Valox® 420 SE-O... 
to meet or surpass all U/L and CSA component recognition 
requirements; also meet tough u/t flammability spec 94V-0. 


New Uni-Guard II construction minimizes wear by holding 
concentricity between plug and plunger. ..and minimizes 
double seating. 


New Uni-Guard II coil cover gives snug, pro- 
tecting fit, yet leaves space for addition 
of thermal cutouts or diodes. 


Dual endplates on model shown 
improve mechanical strength 
and magnetic efficiency. 


Bright Nickel plated 
plunger for low 
friction, cor- 
rosion re- 

sistance. 

















Lugs 

are press 
fitted and ultra- 
sonically welded to 
bobbin to withstand 
eight pound pull test. 






Endplates are swage formed and 
staked to field piece to provide con- 
tinuous magnetic flux field for most effi- 
cient operation. 


Only Guardian solenoids have new Uni-Guard® II 
molded bobbin and coil covers that give you sav- 
ings of up to 25%... with at least 25% longer life. How 
long? Up to 5 million operations. This new construction is 
now available on nearly all Guardian box frame and U-frame 
solenoids. Including pull type, push type and solenoid switches. 
All have .187" or .110” QC lug or solder lug termination for easier, 
faster, less expensive installation. And Guardian has more types 
available from stock than anyone else. 

Variations and options? Get them from Guardian. Return springs, plunger 
configurations, anti-bottoming or silencers, voltages, termination, mounting, 
coil finishes... you spec it and Guardian’s ready to produce it. 


site 
cattle’ 


HORROR 

















Let the Guardian Angel show you why Guardian is No. 1 in solenoids. Send for your 
free copy of this 72 page catalog. 


program of Underwriters Laboratories, Inc. 
c GUARDIAN ELECTRIC MANUFACTURING CO. 


1574 West Carroll Ave., Chicago, Illinois 60607 ¢ 312/243-1100 
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